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Whatever the 


there is a right wire for it 


—And there is one dependable source—with over 50 years 
experience—to meet your every need. Specialized new 
wires are engineered for every phase of the industry— 
and Belden quality assures lowest over-all cost on 
your production line. 


if it’s worth engineers’ time 


it’s worth engineered wire 


Belden) --- 


WIREMAKER FOR INDUSTRY ONE QUALITY 
SINCE 1902 
CHICAGO 


Magnet Wire * Lead Wire * Power Supply Cords, Cord Sets and Portable Cord * Aircraft Wires 
Welding Cable * Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 
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NO BEARING TROUBLES 
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Photo: Courtesy of Reliance Electric and Engineering Company 


Driving a car shaker is like riding a bucking bronco—and 
the motor and bearings that do the job have got to be tops in 
every detail for such rugged service. 


But even under these rough, tough load conditions, high 
capacity New Departure ball bearings assure exact rotor 
location—full electrical and mechanical motor efficiency. 


An important feature of the bearing mountings is the use 
of a “‘metering plate’’ which regulates grease flow 
and prevents excessive grease pressure against the 
bearings. They cannot be under- or over-lubricated. 
Yes, motor and bearings are built to maintain pre- 
cision at operating extremes. 


Such motors are safe for long periods without atten- 
tion—the bearings are fully protected from dirt and 
there is no grease leakage into the windings. Write 

Metering plate adjacent to bearing for details on New Departure shielded ball bearings. 
prevents overlubrication. Excessive { - a 

grease pressure is relieved outwards 

around shaft. No grease can be 

forced into motor. 


Right: Shielded ball bearing always 
retains adequate grease supply. 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e BRISTOL, CONN; 
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“They’re rugged...stand up remarkably well’’ 


reasons Dietert moisture testing equipment 


uses BODINE MOTORS 


Mr. D. L. Buss, 
President, tells why 
Harry W. Dietert Co., 
uses Bodine Motors: 


"Our laboratory testing equipment 

is oftimes put to use in areas where 

it has to operate under difficult 
atmospheric conditions. Bodine Motors 
are rugged. Over the years they have 
stood up remarkably well. Then, too, 

in the Bodine line of motors we find 

the variety of fractional horsepower 
types required in the instrument field." 


Be sure your motor is as good as your product. For information contact Bodine Electric 
Company, 2256 West Ohio St., Chicago 12, Ill....or check your Sweet's Product Design File. 


) 


. UVE BETTER NS 


FR re) D | | = Bodine manufactures fractional horsepower electric motors for: “Corpyew™ 


adding machines, letter openers, sanders, vending machines, 
saeaaeatell | Ty ie exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 
M oO 2 4 Oe aa GQ respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 
ae ee eS eel ae many other applications. 


il 
*UMII\I 


Circle 105 on page 17 ELECTRICAL MANUFACTURING 









SEPTEMBER 
1957 


DESIGN ENGINEERING 


Meise lett lal ss 
Crete Mt Met ay 


LOUIS J. PERROTTET, Publisher 


FRANK J 









OLIVER, Editor 


ALEX. E. JAVITZ, Special Features Editor For Subject-Classified Abstracts of Articles te 


WILLIAM ARROTT, Associate Editor See the New “In This Issue” Section, Pages 6 and 7 
PAUL G. JACOBS, Associate Editor 











ARNOLD E. RUDAHL, Associate Ed i. 
JOHN R. RIGGS, Associate Editor Effects of Nuclear Radiation on Electronic Components 76 
EVROM A. MINTZ, Associate Editor R. D. Shelton 


ROBERT MeK. FINK, Editorial Produ 













i, i, SARONOR Ciceininn Meecmes Transistor-Magnetic Amplifiers 82 
1. A. CAMPBELL V. Jasper, J. C. Taylor and W. T. White 
P, T. HEFFERNAN, Business Manager Sources of Error in Production Testing 89 
E. M. SCHAEFER, Advertising Manager J. L. Oldenkamp 
ease. ee eos Components for Printed Wiring 92 
AUGUSTUS EPPLE, i Mies ie ii W. W. Deckert 
CHICAGO, 231 So. Le Salle St Cycle Counting for Digital Timing Control 96 
Philip S. Grifin, Moneger J. L. Solomon 
Javid ealous 
See ae High-Nickel Alloy Spring Materials 102 
3750 Cleveland-Massillon Rd. Staff Report 
oe — oe Quantitative Criteria for Thermal Evaluation of 

eee Electronic Equipment 108 
ee ee een T. C. Reeves 
NEW YORK. 1250 Sixth Ace. Isocyanate-Resin-Coated Elastomeric Insulation 113 
Robert G. Drake H. G. Steffens 
oe Numbering Systems 116 
Arthur P. Watts, Ji I. L. Auerbach 





PACIFIC COAST 





Proposed Size Standards for Toroidal Magnetic 
Mc Donald-Thompson 










ee ee eee ke Tape-W ound Cores 122 
625 Market St.. Sen Francisco 5 P. L. Schmidt 
Evaluation Tests for Epoxy Casting Systems 125 
M. V. Goodyear and J. P. Hornburg 
IN BP. _ Program Control by Slider Switch or Punched Card 130 


F. A. Manners and C. A. Schurr 






Published Monthly 





and Copyrighted 1957 Error Compensating Coupling for Rotary Controls 136 
by The Gage Publishing Company > Alexy 
1250 Sixth Avenue, New York 20, N. Y. MV. R. Ale xy 





Publishers to Industry Since 1892 


. C. FLETCHER, President and Treasurer D E Pe A R T M E N T S 


I 
L. C. BASSETT, Vice President 

LOUIS J. PERROTTET, Vice President 
FRANK J. OLIVER, Vice President 
L 





n This Issue 6 Literature for the Design 
. J. GOREY, Secretary This Issu : ‘ 244 
W. J. McDONALD, Assistant Treasurer Research Horizons 9 Engineer ) 

















Editorial content and material of Exsc- Plus or Minus 12 Association Activities 286 
TRICAL MANUFACTURING may be reprinted . ~ 
only with written permission of the pub This Month’s Cover 14 Calendar of Meetings 288 
lishers. Checked by Engineering Index ‘ : i 
Accepted as controlled circulation pub Editorial 95 Men in Industry 308 
lication at Philadelphia, Pa. Member 4 ~ sf + 310 
National Business Publications, Inc., Busi Design Trends 140 Company Briefs * 
ness Publications Audit of Circulations, Inc xs > > . 322 
Those engaged in the design engineering of New Components and Book Reviews . 
electrically operated machinery, appliances ° = . : . a6 
and equipment in the U. S. may qualify to Materials 152 Engineer ing Standards 324 
receive ELgectricaL MANUFACTURING monthly, % ‘ i . 29°¢ 
without benefit of paid subscription. The Laboratory and Engineering Abstracts and Comments 326 
publication is available to all others in the . . 9° . > . Qn 

i; 5; M818 00 paw atnenn, 61.50 por. siksle Equipment 238 Guide to Buying 354 
copy Foreign subscriptions are at the rate ee ath 97 ; ale 209 
of $20.00 per annum. Please notify publisher Re prints Available 270 Index to Advertisers 392 
promptly of any changes in name, title or 

address Reader Inquiry Service Cards 17 











Vote new position of inquiry cards to get more nftormation 
BPA on anything published in this issue. 


SEPTEMBER 1957 


Formvar 

Nyform 
CLASS FILMS Sodereze™ 

Enamel 


Bondeze™ 


Grip-eze* 


Daglas”-Silicone 
Class “H” film wires 


Film-Daglas* -Silicone 
combinations. 


*TRADE MARK APPLIED FOR 


ELECTRICAL MANUFACTURING 





FILMS 
Thermaleze* > 
(Epoxide Polyester) b! 


Other Polyesters N\ 


FABRICS 


mee: |G 
. yn 


MAGNET WIRES 
THAT SUGGEST 
IMPROVED 
INSULATION 
SYSTEM 
DESIGNS ! 


Here are basic magnet 
wires with proven experi- 
ence in a wide variety of 

applications and unlimited 
potential for the future. 


Any time magnet wire is your problem, consult 


Phelps Dodge for the quickest, easiest answer! 


INCA MANUFACTURING DIVISION | 


FORT WAYNE, INDIANA 


SEPTEMBER 1957 Circle 106 on page 17 





im This Issue 


A double-function briefing of the feature articles cor 
tent each month: 


(1) Each summary gives you a quick interpretation 


of the design significance of the article. 


(2) Each summary is also an indexed. subject- 


classified annotated reference to the article that car 


1 P « - 
be easily clipped for filing on standard 3x5 ecards o1 
by other means. Space is provided for insertion of 


your own classification. 


If you want to adopt the ELecrrica MANUFACTUR- 


ING Functional Subject Classification used in these 


summaries, a copy will be sent to you without charge 


on request. Circle No. 736 on the Reader Inquiry 
Service Cards on page 17. Each summary also pro- 
vides space for insertion of your own subject clas- 


sification. 


Design Considerations 


Your Classificat 
Nuclear Radiation Effects ssification 


Effects of Nuclear Radiation on Electronic Components 


Resistors, capacitors, insulated wires, electron tubes, semi-con 
ductor devices and printed circuit boards have been operated 
and tested in nuclear radiation fields in a research program 
sponsored by the U. S. Air Force. Irradiation of components 
was continued until component failure or until a specified in 
tegrated thermal neutron flux had been reached. This article 
first reviews mechanisms by which nutrons and gamma radia 
tion affects operation of components, then presents detailed 
experimental data in graph and tabular form on each group of 
components. Components of same JAN type made by different 
manufacturers show considerable variation in nuclear effects. 


R. 


D. Shelton, Engineering Dept., Admiral Corp., Chicago, III. 
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Components, Electrical Electronic 
Magnetic Components 
Semiconductor Devices 

Control 
Systems and Servos 


Your Classification: 


Transistor-Magnetic Amplifiers 


Optimum circuit design sometimes requires the peculiar charac- 
teristics of both transistor and magnetic amplifiers. 


\dvantages 
and limitations of both are 


reviewed and seven combination 
circuits presented: three a- 

modulated d-c switch: d-c to a 
regulated power supply: 


servo amplifiers; pulse-width 
-c servo amplifier; a-c to d- 
low-level d-c harmonic-type amplifier. 


N. Jasper, J. C. Taylor and W. T. White, Army Ballistic Mi- 
sile Agency, Huntsville, Ala. 
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Testing Your Classification: 
Production 


Sources of Error in Production Testing 


Methods are outlined for making simple experimental 
vestigations to evaluate the various inevitable errors in produ 
tion testing and gaging. rhis process Is urged in order that 
the tested product be not considered solely responsible tor the 
entire variation in observed test data. Tests on small motors 
are used to illustrate the statistical methods employed 


J. L. Oldenkamp. Specialty Component Motor Department, 
General Electric Co., Fort Wayne, Indiana 
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Components, Electrical Electronic Your Classification: 


Printed Circuits 
Design Considerations 
Component Design Factors 


Components for Printed Wiring 


Detailed description with pictures and outline drawings of 
current electromechanical component developments sponsored 
by U. S. Army Signal Engineering Laboratories. Most recent 
developments include a vertically mounted octal socket, a 
vertically mounted in-line socket for subminiature flat-press 
tubes. a vertical and a right-angle mounted transistor socket, 
a low-voltage subminiature plug and receptacle and a sub- 
miniature rotary switch. Reliable components for the equip- 
ment design engineer are described and illustrated in detail 
in this article. 


W. W. Deckert. U. S. Army Signal Engineering Laboratories, 
Ft. Monmouth, N. J. 
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Materials, Electrical Electronic 
Electrical Insulation and Dielectrics 
Testing 
Materials 


Your Classification: 


Evaluation Tests for Epoxy Casting Systems 


\ 5-point “heat-endurance” test method is described as a 
means for obtaining qualitative test data on the performance ot 
epoxy casting resin systems under service conditions. including 
elevated temperatures. Good correlation has been established 
between these tests and application requirements. The test 
method is also useful for screening raw materials for the resin 
systems, such as filler, plasticizers and hardeners. Epoxy- 
hardener systems include acid anhydrides, aliphatic and 
aromatic amines, and combinations of these. Comparisons art 
given between solid and liquid epoxy resins, reactxye and non 
reactive plasticizers, and filled and unfilled systems. Tests are 
reported at 130 C, 150 C, 175 C and 200 C. 


M. V. Goodyear and J. P. Hornburg, Houghton Laboratories. 
Inc., Olean, N. Y. 
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Control 
Systems and Servos 
Case Histories 


Your Classification 


Digital Timing Contr 


Detailed circuits as well as the overall block diagram are i 
cluded in a description of the use of beam switching tubes as 
the nucleus of a system for counting power line cycles as a 
means of measuring time intervals. The application to re- 
sistance welding machines demonstrates the merits of this 
timing and programming method, which is essentially the use 
of digital techniques and circuits. 


J. L. Solomon, Sciaky Bros., Inc., Chicago, III. 
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Materials, Mechanical Structural 
Metals 

Materials, Electrical Electronic 
Conductive 


Your Classification 


High-Nickel Alloy Spring Materials 


High strength at high temperature and resistance to corrosion 
make many of the high-nickel alloys suitable for springs for 
electrical and electronic application. Electrical conductivity 
and non-magnetic properties are also governing selection fac- 
tors. Heat-treating procedures for obtaining optimum me- 
chanical properties are given. Text is largely supported by 
tabular property data. 


Staff Report 
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Design Considerations 
Thermal Design Factors 
Reliability 


Your Classification: 


Quantitative Criteria for Thermal Evaluation of 
Electronic Equipment 


Four criteria for quantitative evaluation are developed and 
their limitations discussed. The most satisfactory criterion at 
present is the Thermal Figure of Merit. Thermal performance 
is interpreted in terms of its effect on circuit part reliability. 


T. C. Reeves, Defense Electronic Products, RCA, Camden. N. J. 
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Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 


Isocyanate‘Resin-Coated Elastomeric Insulation 


An elastomeric material, available as sleeving and tape. 
represents a further step in the development of isocyanate 
resin insulation. Original isocyanate coating, introduced in 
1956, showed some application limitations owing to rigidity 
inherent in the cross-linked structure. New material adds flexi- 
bility to already established good physical and dielectric pro- 
perties. Comparative evaluation test data are presented for 
extensibility, resilience and other properties, also for aging 
tests at the rated temperature of 150 C, and at 170 C. 


Your Classification: 


H. G. Steffens, Development Laboratory, Natvar Corp., Wood- 
ridge, N. J. 
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Control Your Classification 
Theory 


Numbering Systems 


Concept of number; differer between additive (Roman) a 
positional (Arabic) notation: basic equation defining binary 
ternary, quaternary, quinary, decimal, duodecimal or any other 
positional numbering system: number conversion and_ basi 
arithmetic in various numbering systems; coded decimal 


pers, 


Isaac L. Auerbach, Auerbacl ectronics Corporation, Phi 
delphia, Pa. 
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Components, Electrical, Electronic 
Magnetic Components 

Design Considerations 
Specifications and Standards 


Proposed Size Standards for Toroidal Magnetic 
Tape-Wound Cores 


Selection procedure followed and full text of standard pro- 
posed by Materials Subcommittee of AIEE Magnetic Amplifier 
Committee. Tables cover: (1) proposed standard dimensions 
2) commonly used core dimensions not included as proposed 
standards and (3) proposed standards for the choice of future 
core dimensions. 


Your Classification 


P. L. Schmidt, Chairman Materials Subcommittee, AIEE 
Magnetic Amplifier Committee (Bell Telephone Laboratories, 
Inc., Whippany, N. J.) 
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Your Classification: 
Case Histories 


Program Control by Slider Switch or Punched Card 


New programming devices such as slider switches and punched 
cards are added to reversing rolling mill control systems to 
provide rapid, automatic adjustment of the roll separation. New 
positioning system design also features magnetic amplifiers a- 
static switching elements to control the screwdown drive motor. 


F. A. Manners, C. A. Schurr, Electric Controller and Mfg. Div., 
Square D Company, Cleveland, Ohio 
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Your Classification 
Systems and Servos 
Components, Mechanical Structural 
Drive Elements 


Error Compensating Coupler for Rotary Controls 


For synchros, potentiometers and other rotary control devices, 
a mechanical error compensator is described which is to be 
used between a driving shaft and the component requiring com 
pensation. A feature of the design is that the series of settings 
around 360 deg are entirely independent, so that setting any 
one of them does not alter the others. The logic in the de 
velopment and the design details are given. 


M. R. Alexy, Radio Corporation of America, Camden, N. J. 
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Miniaturized Components j..FROM 


As leaders in miniaturization for over twenty years, 
UTC stock item units have provided smallest size 
with a maximum of reliability. Hermetic stock 
items have been proved to MIL-T-27A, eliminating 
costs and delays of initial MIL-T-27A testing. 


HERM wwe 1 ae pte IATURE COMPACT HERMETIC 


. AUDIO FILTERS 
The smallest hermetic audios made 


’ . UTC standardized filters are for low pass, high pass and 
(except our DO-T’s, for transistor use) band pass application in both interstage and line im- 
Dimensions... ¥2 x 11/16 x 29/32... Weight, 8 oz pedance designs. Forty-five stock values, others to or- 
der. Case 1-3/16 x 1-11/16 x 1% —2% high... 
TYPICAL ITEMS Weight 6-9 oz. 
Type MIL Pri.imp. Sec.imp. OC in Response Max. level 
__Ne- Application Type Ohms _ Ohms 2 Pri MA +2 db (Cyc.) dbm 
H-31 Single plate to single TFIA15YY 10,000 90,000 0 300-10,000 +13 
grid, 3:1 


~W-32_ Single plate to line _‘TFIA13YY 10,000**** 200 3_~—_—=:300-10,000 +13 


H-33 Single plate to low | TFIA13YY 30,000 ~ 50 “1 300-10,000 +15 
impedance : 
H-35 Reactor TF1A20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms 
__H-36 Transistor interstage TFIAI5YY 25.000 1.000 5 300-10.000 

H-37A Transistor Output TFIAI5YY 500 CT 50 3.5 300-10,000 
DCR5O) _ DCR5) _ 

H-40A Transistor Output TF4RX17YY 500 CT 600 CT 10 300-10,000 
DCR26 


*Can be used for higher source impedance, with some reduction in frequency range 


OUNCER (WIDE RANGE) 


AUDIO UNITS a HERMETIC 


Standard of the industry for 18 years, these units pro- : VARIABLE 
vide 30-20,000 cycle response in a case % dia. x , INDUCTORS 


1-3/16 high. Weight 1 oz. 
These inductors pro- 
sc iimermpag pm vide high Q from ‘50 - 10,000 
oy, a | cycles with exceptional stability. Wide in- 
| — tae ductance range. (10-1) in an extremely 
- ’ 
ie ol $< compact case 25/32 x 1-1/8 x 1-3/16... 
= ot gg or line phrase 50,000 Weight 2 02. 


Dynamic miketol grid 7.5/30 50,000 TYPICAL ITEMS 
Single plate to 2 grids, 15,000 95,000 

D.C. in Pri. me Min. Hys. Mean Hys. aa ir. oo 
Single plate to line, 15,000 50, 200/250, 500/600 002 006 — 
D.C. in Pri. uvc-3 O11 040 ll 40 


Push-pull plates to line 30,000 ohms 50, 200/250, 500/600 
plate to plate 
Mixing and Matching 50, 200/250 50, 200/250, 500/600 
as 1 single plate to 15,000 1 megohm 
grid 


Transistor to line 1,500 CT 500/125 (split) 





SUB-SUBOUNCER oo i a HERMETIC MINIATURE 
AUDIO UNITS ri : : a HIGH-Q TOROIDS 


UTC Subouncer and sub-subouncer units provide excep- 4 : 3 : 

tional efficiency and frequency range in miniature size. 4 MOE units provide high Q, excellent ste 

Constructional details assure maximum reliability. SSO ~ bility and minimum hum pickup in a case 

units are 7/16 x % x 43/64... Weight % oz. , only. Ye x 1-1/16 x 17/32 . . . weight 
TYPICAL ITEMS 1.5 oz. MIL type TFARX20VY. 


MA D.C. 
_Type Application Level Pri. Imp. _in Pri. Sec. Imp. __ Pi. Res. a _ Sec. Res. 
*$S0-1 Input + 4V.U 0 250,000 13.5 3700 
vote mceieiesinieieaiaaiiiete ————— eee TYPICAL ITEMS 
SSO-2__ interstage /3:1 + 4V es ~~ 10, 000, 0-.25 90,000 750 3250 


> - saint Sr ensienaminie a Oe Ee ee Td he 
*SSO-3 Plate to Line +20V.U. 10,000 3 200 2600 35 


ae eee 25,000 1.5 500 ¥ 
_SS0-4 Output +20V.U. 30,000 ‘1.0 _ 50 ors 4.6 
_S$0-5__ Reactor 50 HY at 1 mil. D.C. 4400 ohms D.C. Res. F 7 meee nen 
“sso-6 __ Output +20V.U. 100,000 5 60 — se 


Ss 6 hy. 4 Hae ECCS 
*$S0-7 Transistor +10V.U. 20,000 5 800 850 | : , - 
__Interstage ee 30,000 5 1,200 125 . . (no 


*impedance ratio is fixed 1:1250 for SSO-1, 50:1 for $s0-3. 3. 
Any impedance between the values shown may be employed 


UNITED TRANSFORMER CORPORATION 
Let us miniaturize 150 Varick Street, New York 13, N.Y. 
your gear. PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF, 
SEND DETAILS OF YOUR NEEDS FOR SIZES AND PRICES EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N, Y. CABLES: “ARLAB” 
Circle 107 om page 17 











Research 
Horizons 


Radiation Hazards in 
Radar Devices 


The increasing development and use of 
powerful microwave generators creates 
an increasing biological hazard from 
high-energy radiation. Obviously, such 
potential hazards require adequate de- 
sign safeguards. 

In a paper presented at the Eighth 
Annual Meeting of the Flight Safety 
Foundation, C. W. Simon and L. E. 
Anderson, Hughes Aircraft Company, 
reviewed research work in this field, 
principally from the viewpoint of the 
effect of microwaves on man in his 
normal working environment. In brief, 


here are the conclusions (as reported 
by the Naval Human Engineering Bul- 
letin, June 1957) : 

1. Microwaves and X-ray radiation 
of present-day airborne radar have the 
potentiality for injuring the individual 
working with unshielded high-powered 
tubes in the laboratory. 

2. Despite extensive medical studies, 
no good evidence has been found to 
support the contention that in the 
everyday normal working conditions 
humans have been harmed by exposures 
to microwaves. 

3. Soft gamma and X-ray radiations 
which may emanate from a _ high-volt- 


Searchlight into Solar Furnace. An U.S. Army surplus searchlight is con- 


verted at the B. F. 


Goodrich Research Center, Brecksville, Ohio, into a 
solar furnace for testing materials at temperatures up to 6300 F. 


An elec- 


tronic guiding system keeps the searchlight-turned-furnance trained on the 
sun. The sun’s rays reflected from the parabolic mirror are concentrated on 


l4-in, test specimens. 
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age discharge source can have irrever- 
sably harmful effects. 

1. Complete operational safety pre- 
cautions must be taken. 

5. Although present sources of haz- 
ards can be controlled satisfactorily, as 
higher powered equipment is devel- 


oped, safety standards must be 
strengthened. Research must continue 
on the effects of microwave radiation 


on the human body. 


Weatherability 
Tests for Plastics 


New method for simulated weathering 
of plastics materials has been approved 
at the last meeting of ASTM Commit- 
tee D-20 on Plastics. The method is 
based on the use of a fluorescent sun- 
lamp and a fog chamber. Under devel- 
opment is a fading standard to be used 
in the calibration of artificial weather- 
ing and light-exposure test machines. 
An acrylic-base plastic containing a 
dye is being proposed as the fading 
standard. Specimens are being pre- 
pared for round-robin evaluation. 

The committee is also establishing < 
test program for the evaluation of the 
corrosivity effect of plastics when in 
contact with metals. 


Capsule Notes on 
Research Reports 


{nnotated 18-page bibliography covers 
unclassified human engineering reports 
issued by the Engineering Psychology 
Branch, Applications Research Divi- 
sion, U.S. Naval Research Laboratory. 
Washington D.C., since October 1945. 
Some 97 reports are listed. 
Quarter-century of research is re 
viewed in a 32-page booklet. “Tin Re- 
search 1932-1957,” issued by the Inter- 
national Tin Research Council. Copies 
are available from the Tin Research 
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Research 
Horizons 


Institute. 
l. Ohio. 


192 West 6th Ave.. Columbus 

Excellent review of the problems and 
techniques involved in color matching 
= presented by John C. Holle in his 
article. “The Art of Color Matching.” 
\ugust 1956 issue of Interchemical Re- 
lew, Research Laboratories. Inter- 
chemical Corporation, 432 W. 45th St.. 
New York 6. 

elcome to the first number of Re- 
search Laboratory Digest, sponsored by 
the General Electric Research Labora- 
tory. The Knolls, Schenectady. N. Y. 
Forty-one page issue covers the re 
earch activities of G-E on a variety of 


fronts. 


Electrostatic 
Memory System 


In an improved memory system. infor- 
mation is stored at a discrete area on 
a CRT face by deflecting the beam and 
turning it on at the normal spot. turn- 
ing the beam off and twitching it to the 
left or right and turning the beam on 
again to represent either the binary 1 
or 0, respectively. To extract informa- 
tion. both the normal and rewrite spots 
are inspected in turn. By means of ap- 
propriate circuitry and related signals 
it is possible to determine which binary 
has been stored. 

This memory system is covered by 
U.S. Patent No. 2.790.931. one of 44 
patents currently released by the 
Atomic Energy Commission for non-ex- 
clusive, royalty-free licensing by in- 
dustry. Since the inception of this pro- 
gram some 1219 commission-held pat- 
ents and patent applications have been 
released for public use. 


Large Glass-Reinforced 
Polyester Housings 


Use of glass-polyester moldings for 
large-size units gets a boost in the cur- 
rent development ot glass-polyester 
housings for underground distribution 
transiormers up to 167 kva. Circular in 
shape, 7 ft high by 5 ft in diam. these 
housings replace concrete-and-steel 
structures. Molded in two parts, each 
unit weighs only 300 lb and can be 
installed by two men. The concrete- 
and-steel housing required five men and 
a crane for the job. Other advantages: 
resistance to fire and corrosion. Plus 


factor: Molded-in green color permits 
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these transformer housings to blend 
with landscaping. 

Credit Westinghouse Micarta Divi- 
sion. Hampton, S. C., for this develop- 
ment. assisted by Commonwealth Edi- 
son of Chicago. 


Current Problems in 

Casting Resins 

With increased use of casting resins 
for embedment and encapsulation of 
components, circuit units and control 


devices, an increase in application 
problems was to be expected. The 
recently formed Committee on Ecap- 
sulation of the Plastics 
Engineers is encouraging study of such 


problems and 


Society ot 


interchange of experi- 
ences. At a recent committee meeting. 
interest was expressed in reports, 
problem-solutions, and general 


comment that may have bearing on the 


ideas, 


following phases of the subject: 
1. Experiences in reducing derma- 
titis problems. 
Experiences on reduction of 
corona problems. 
Granulated epoxy or polyester 
type compounds for compression 
or transfer molding. 
Castable materials that maintain 
rigidity and good electrical insu- 
lation properties for high-temper- 
ature applications. 
Resin-filler electrical insulating 
compounds that have thermal co- 
eficients of expansion close to 
those of aluminum and steel. 
Low-shrinkage. resilient com- 
pounds that will not crack in 50 
thermal cycles per MIL-E-5272 
using “hex” bar samples. 


7. Foam- or low-density compounds 


Tensile and Elongation Tests on Plastics. 
One of a series of extensive test facili- 
ties at the new research laboratory of 
the General American Transportation 
Corporation, East Chicago, Ind. 


that maintain good strength and 
electrical insulation when tested 
per MIL-E-5272A; heat dissipa- 
tion data from embedded sub- 
miniature tubes also desired. 
Strength. electrical insulation, and 
environmental resistance compari- 
sons of low viscosity and high 
viscosity commercial liquid epoxy 
resins. 

Use of fillers to control- thermal 
conductivity, shrinkage. and 
reliabil- 
ity and efficiency of such systems. 
Studies ot 


mixing. 


cracking-reactive resins: 
various systems fot 
metering. proportioning 


and dispensing reactive resins, 
reliability and efficiency of such 
systems. 
Chairman of the committee is C. A. 
Harper. Materials and Processes West- 
inghouse Electric Corporation, Air 


Arm Division, Baltimore. Md. 


7th Inning 
Stretch— 


This particular Enclave of Erudition is 
celebrating (well. reasonably so) its 
seventh anniversary, the first issue of 
“Research Horizons” having appeared 
in October 1951. Granted the less-than- 
cosmic importance of that event, just 
what did we write about in that pris- 
tine issue? Here’s a rundown of some 
items: 


Tailor-Made Metals by Cold Work- 
ing: New materials developed by cold- 
working of metals at extreme low tem- 
peratures approaching that of liquid 
air. 


How “Miniature” Should Miniaturi- 
zation Go? The need for striking a 
balance between continued reduction in 
equipment size and adaptability to ease 
of fabrication. 


Specification by Appearance: ASTM 
program to develop specifications of 
engineering materials on the basis of 
color, texture. surface structure and 
other visual factors .. . importance of 
such specifications in design. 


Bearing Lubricants for “Hot” Motors. 
Military requirements for high-tem- 
perature bearing lubricants for 1000 
hr continuous operation at up to 425 F. 


Vagnetic-Recording Controls for Ma- 
chine-Tool Operation: A look ahead to 
today’s wide-spread use of magnetic re- 
cording 


controls in automatic ma- 


chines. 


Dry/Wet Dielectric Strength of Pig- 
mented Insulating Varnishes. A work- 
in-progress-research report on the effect 
of pigments on dielectric properties of 
insulating varnishes. 


—A. E. J. 
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it was in May, 1907, that Ferdinand Wetterberg 
founded New Jersey Wood Finishing Company. 
The yeors have seen the Vartex line broaden 
into today’s complete and comprehensive line of 
the most modern flexible electrical insulation 
products. Vartex is your assurance of quality 
with @ tradition. 


Ml 
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lamination of selected electrical 
lating materials thoroughly bonded in 
dupléx or triplex combinations. Typical of 
many Varslot materials available, for 
xample, is Mylar* laminated to 100% 
rag paper. Such Varslot combinations are 
supplied in rolls or sheets and in a wide 
range of thicknesses to meet almost un- 
limited specific applications. Varslot char- 
acteristics include flexibility, toughness, 
high dielectric strength and good resistance 
to deterioration under heat. Combinations 
utilizing other electrical insulating papers 
or varnish-coated Fiberglas* with Mylar 
are also available. 


New Jersey Wood Finishing Company 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
WOODBRIDGE, N. J. 


Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Varnished ‘‘Fiberglas"’*t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
Synthetic Resinous Tapes and Extruded Tubing Rag Paper and ‘‘Mylar’’* Polyester Film 
Cable Wrapping Tapes Asbestos Paper and ‘‘Mylar’’* Polyester Film 
Polyethylene, Sheets, Tapes and Extruded Tubing Kroft Paper and ‘“Mylor'’* Polyester Film 
“VARSIL" Silicone Varnished “‘Fiberglas"’t Vartex Varnished “‘Fiberglas’’? and 
Cloth and Tapes *““Mylar’’* Polyester Film 
Special combinations available upon request 


* Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered tradcmark 
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ultra- 
sensitive 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. 5 ina series by Barber-Colman Company) 


BARBER 
REL 


The circuit drawing below indicates 
just one of the hundreds of ways 
many manufacturers are utilizing 
Barber-Colman Micropositioner 
ultra-sensitive relays to solve com- 
plex control problems. Could this 
be the answer to some of yours, too? 


SPEED CONTROL WITH 


TRANSISTORIZED MICROPOSITIONER 

® 
The MYZA transistorized polar 
relay used in the circuit above is an 
adaptation of a standard Barber- 
Colman Micropositioner, but with a 
built-in preamplifier so that it re- 
quires greatly reduced input power 
to operate the contacts 


Thus, close speed regulation is pos- 
sible using this relay to detect the 
difference between the “control” 
voltage supplied from an adjustable 
resistor and the output of a small 
d-c generator (Barber-Colman per- 
manent-magnet type) coupled to the 
rotating member, such as a lathe 
spindle. 


If the generator (variable) voltage 
is equal to the fixed (control) volt- 
age, both coils of the relay are en- 
ergized equally, and neither contact 
will be closed. A change in input 
from either direction will cause the 
relay to close a contact, actuating an 
alarm system, or causing the mech- 
anism to increase or decrease speed, 
depending on the polarity of the 
signal. 


MYZA relays are designed to order 
to meet each application’s circuit 
requirements. Write g 

for technical bulle 

tin F-7754-2 


BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types plug-in, solder- 
lug, screw terminal, hermetically 
sealed. Operate on input powers of 
40 to 1,000 microwatts for use in 
photoelectric circuits, resistance 
bridge circuits, and electronic plate 
circuits. Send for data. 


BaARBER-COLMAN COMPANY 
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Pius or Minus 


Random Comments of the Editors 


Is It Signal or Noise? 


As a daily commuter, we have long 
since committed the scenery, or at 
least the static part of it, to memory, 
and have found the paperbound books 
to be one solution to the time-passing 
problem. Our current interest is in the 
fascinating “Number. the Language of 
Science” by Tobias Dantzig, (Double- 
day-Anchor). In this are described, for 
instance, the various attitudes which 
have produced generalizations about 
numbers, ranging from the mystical 
preoccupation with “perfect” numbers 
to the more rational reasoning from re- 
currence, which the author cautions is 
quite different from inductive reason- 
ing, and that rigorous mental dis- 
cipline is required to avoid false con- 
clusions based on apparent but not true 
recurrence of phenomena. 

This advice can be extended to an 
area broader than natural philosophy. 
We have found, for instance, that the 
various forms and levels of mass com- 
munication which surround us produce 
an echo and reecho effect which can 
be highly misleading. particularly by 
subconscious accumulation of impres- 
sions. A given occurrence is reported 
in, say, a technical journal or as a 
news item in the daily press. From this 
one source, it is then repeated at many 
different levels and in various forms, 
including in small-talk (“IT 
understand that the engineer shortage 
is all over; they say that in California 
etc ete. . .”). The net result is that 
a single pip may seem like a pattern 
which leads to the admonition: “Be- 
ware of 
tion!”, 


social 


reasoning from reverbera- 


A.E.R. 


Reliability? 
The story comes from Lockheed’s Mis- 
sile Systems Division about a_ sub- 
miniature transistorized sun position 
indicator in an X-17 three-stage ballis- 
tic research missile. This gadget sees 
the sun flash by during rotation of the 
missile. Each look is translated into 
roll-rate, pitch and yaw information 
which is telemetered to the ground. 
Well, in a recent two-stage test fir- 
ing at Alamogordo, the second stage 


made it to 5 miles up, got tired, and 
buried itself in 12 feet of sand 14 
miles from the launch site. After dig- 
ging out the wreckage, Lockheed tech- 
nicians hack-sawed the forward unit 
containing the nose section from the 
rest of the missile. When the wrecked 
telemetering unit was sawed in half, 
there emerged from the twisted, flat- 
tened tangle of metal a small section 
containing the sun position indicator, 
which was still intact and still operat- 
ing! Nicholas K. Marshall, who works 
at the missile division’s research and 
development center at Palo Alto, said 
the instrument 
incidently ) continuously 
and perfectly with its own power 
source for weeks after it 
slammed into the New Mexico desert. 
Impact forces were estimated at more 
than 1000-g, roughly equivalent to five 
times the effect of heaving a TV set 
Empire State Building 
(which, by the way, sounds like an 
interesting and worthwhile project). 
P.G.J 


(which he invented, 
functioned 


several 


from the 


Stone Axes, Covered Bridges, 
and Form and Function— 


Function determines form; and form 
should express function. Here we have 
a neat proposition of design philosophy. 
It has been with us. at least in con- 
temporary terms, since the turn of the 
century, when Louis H. Sullivan and 
the Chicago school of architecture set 
up the startling postulate that a bank 
building should look like a bank and 
not like a Greek temple. But the 
philosophy in fact reaches back into 
the centuries, even back beyond the 
ancient civilizations into the prehis- 
toric times. For was not the first stone 
function, 
form and use of materials all justly 
integrated ? 


ax a well-executed design 


You may say, however that this stone 
ax was an “ugly” object. Its form is 
not pleasing: its contours uneven and 
crude. To our modern eye, jaded and 
jaundiced as it is by a superfluity of 
materials in every conceivable variety 
and variation of composition. color and 
texture every object is expected to be 
smooth in line. curved in contour. 
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There’s a Good Reason 


ish 
ZINC Di Gstines 


Clem Te.) Ls-Ye hee 


at WILLCOX & GIBBS 


's COMPLEXITY 


This unbelievable complexity of shape was readily achieved 
in this sewing machine top frame through a single ZINC Die 
Casting. Willcox & Gibbs engineers incorporated features 
which would support dozens of critical parts to operate a 
mechanism moving at 5,500 rpm with incredibly fast starts 
and stops—and without vibration. 


This rugged commercial sewing machine has to meet high 
performance demands for seaming, hemming, edging and 
serging operations at lightning-fast speeds—day-in, day-out 
utility—for fifteen years and more. Only ZINC Die Casting 
could provide these exacting requirements. 


All sides of this top frame have numerous cored openings 
e fi i ii (the cores being pulled in four directions) that simplify assem- 
G & a& bly and help to make the “Superlock”’ sewing machine so 
efficient. There are many advantages in this ZINC Die Cast- 

With eight knurled and threaded steel bushings, a : . ; 
aid tenia, &: tii: Gaeta, Section tie, ed @ ing that may provide answers to some of your production 
copper tube cast into the top frame as inserts, this is problems. Send for our free folder ‘‘Zinc Die Castings” and 


probably one of the most complicated ZINC Die Cast- 


ings ever to come out of a die caster’s shop. The result then see a commercial die caster. 
is COMPLEXITY with a purpose, and ZINC Die Casting 
takes complexity for granted. 


THE NEW JERSEY ZINC COMPANY 160 Front Street, New York 38, N. Y. 


HORSE HEAD SPECIAL (2:,) NG 
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CHOOSE FROM 


For Air... Oil... 
Askarel Transformers 


An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellent dielectric, 
physical and chemical 
Available 
natural kraft color. 


properties. 


in 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 


3 teen ie 


Harder Board for 
Variety of Punchings 


A high grade board treated 
with natural rosin size for 
moisture resistance. High 


tensile strength. Pun 


es 


clean. Available in brown 
or black colors. 


DENSITE 
Extremely 


Hard Board 


rosin 


size. Used by many man- 


| Also treated with 
| 
| 


100% VIRGIN 
KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 


These three grades of West Virginia 


Fibreboard are available in a range 


of thicknesses 


PRESSITE ar 


to .125" for 


id 


Dt 


(.031" to 
ELECTRI 
NSITE) 


information, write to: 


WEST VIRGINIA 
PULP AND PAPER 


COMPANY 


250 
re, 
kor 


Pulp Products Department, 
230 Park Avenue, 
New York 17, N.Y 


Circle 
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more 
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rich and 
opulent, in color. Yet the prehistoric 
stone ax was not an ugly object to 
its and When he looked 
at this product, when he handled it. 
and when he used it, it evoked in him 
certain satisfaction. 

Our products fail all 
too often in giving the user the physical 
and aesthetic 


bright and brilliant, or 


owner user. 


contemporary 


he desires. 


This is so because somewhere between 


satisfactions 


function and form, the design has been 


debased by a_ meretricious use of 
materials. For the product designer, as 
for the architect. Frank Lloyd Wright’s 
tenacious the 


remain an 


adherence to “integrity 


of materials.” must invio- 
lable principle. A litthe museum gazing 
at prehistoric tools would do no harm 
to many a product designer. 

There is halo around 


no sacrosanct 


smoothness of contour, shapeliness, 


slimness as the perfect personification 
of function This is the 
Good can 
foursquare, blunt and 
honest. If the design lacks some grace 


into form. 


Hollywood influence. form 


be, and often is. 


notes, so to speak. it may be a limita- 
tion created by 
available 


limitations of 
old 


excellent 


inherent 
‘| he 


Was an 


materials. wooden 


covered bridge eXx- 
ample of design. function determining 
form and = form function 
through a straightforward use of avail- 
able materials. The 


bridges equally 


expressing 


early steel truss 


were successful in 


terms of function 


form, 
but the form often was cruder, bulkier 
and 
the function in 


terms. This 


determining 


not as successful in expressing 


aesthetic and visual 


was due to limitations in 


existing materials. to some uncertainty 


THIS MONTH’S COVER 


NUMBERING MAY SEEM OBVIOUS TO 
us but its development has a long 
and arduous history. resulting in a 
variety of basic systems as reviewed 
in an article in this issue. Finger 
counting, possibly the source of the 
led readily to 
symbols as 
tally-marks for one, two and so on. 
The month is to serve 
as a reminder that the primitive be- 
ginnings with rudimentary marks, 
through such sophistications as the 


abacus and the relatively abstract 


decimal system, 


simple for instance 


cover this 


in properties, or to over-design. 


With time, of 


course, our bridges 
overcame this limitation and their 


perfect expression of function is visible 
throughout the land. Given the choice 
slickness and 
honest sturdiness, we'll take the latter. 
A. Beds 


between  meretricious 


Society Membership 
Qualifications—Interest in 
the Subject 

To 


formed 


the recently 


Inc., a 


become a member of 


DDA 


must attend a meeting sponsored by it 


Council, person 


and sign the attendance register indi- 


cating the wishes to be a member. In 


other words, the test to be applied to 


applicants for this newest scientific 


society 

DDA_ incidentally 
differential 
should say analysts. The meetings stress 


is interest. There are no dues 
stands for digital 
analyzers. or perhaps we 


informality. There are no formal tech 


nical papers as such. 


Letters to the Editor 


‘The King’s English’ 

From: P. H. Williams, Columbia Pump 
and Engineering Company, Santa 
Clara, California 


Your comment on “The King’s Eng- 
lish” in “Plus or Minus” for July is to 
the point. It is not to be wondered at 
that 
else” 


It is 


‘something 
Atlantic. 
worse than that. It has a dif- 


our language means 
on the other side of the 


far 


Electrical 
Manufacturing 


OSBORN ERGIMEE MING 


Roman numerals are still basic to the modern mechanical coding on tape 
and electronic counting with switching tubes. The transfer counting tube 
decade unit and targets shown are by courtesy of Baird-Atomic Inc., 


Mass.., 


the sole U.S. 


and Canadian distributor 


for Dekatron counting 


tubes. The use of the Dekatron in a digital time and sequence welding 


control also is described in this 


issue. 
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why beware 
of soldering... 
when you can 
be sure of... 


CRIMPING! 






















a quick check of indent-depth tells you 
this electrical connection is safe! 





There’s no way to check a soldered connection—without destroying 
that connection! The modern Burndy crimping method affords 

a quick check for electrical and mechanical safety—simply by 
measurement of this depth of indent. The cross-section view (right) shows 
how this indent is designed to coin conductor and connector 

into intimate contact...for a strong connection, as electrically sound 

as the conductor itself. And the depth of indent is controlled 

by the installation tool! Unlike solder which can weaken at high 
temperatures frequently encountered by modern equipment, the Burndy 
crimped connection with its wide tolerance endures in all environments. 
Too—Burndy electrical connections get rid of human error—no skill or 
training is required. The control is engineered into the connector and 

the tool! Put a crimp on rising production costs!—send for the full story 
on Burndy crimp-type connections, today! 











Norwalk, Connect. — Export: Philips Export Corp. 
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ferent meaning on the other side of the 
street! 

We have in San Jose, California, a 
great state college with a long history 
and an expanding campus and student 
body. We have also two newspapers, on 
the other side of the street and but a 
few blocks away. The two institutions 
do not speak, or write, the same 
language. Examples: 

“Host” is a noun in the college, but 
mostly it is a verb in the columns of 


TUBULAR the newspapers. 
“Eye” is a noun, a physical organ, in 
Tabi the college. It is a substitute for “see,” 
“consider.” “investigate.” etc. in the 


S newspapers. 
COMPRESSION “Up” is an adjective denoting direc- 
tion. It may be stretched to indicate 
moved up. but the college would hardly 
approve that usage. In the headlines, 
however, it supplants “increase.” “‘in- 


& SHOULDER RIVETS 


creased.” “made larger” (as concerns 
budgets, estimates, etc.). 
“Enthusiasm” is a word with a defi- 
nite meaning, not at all conveyed by the 
(collog.) hybridism “enthuse.” 
The engineering profession is not 
above using words without due consid- 


: eration of their exact meaning. We 
LOW-CoSsS 7 build precision machines, but we toler- 
ate too much tolerance in our use of 





words. Let’s hope we are “passing 
through a phase” as they say of kids. 


o 
tn Coming Up 
® “In-depth” 20-page insert on magnet 









wire insulation features the October 


s29 issue . . . article will present a step- 
é 
/g, by-step analysis of the properties and 


; , related applications areas for all the 
Simple Design Changes Permit major types of magnet wire .. . will 


cover enamel, fiber and composite in- 


STANDARD RIVETS sulation, including the newer types. 
e Other headliners include: Staff re- 
to Replace Costly ‘‘Specials”’ - 


port on the Cincinnati Milling Machine 
Company's approach to numerical con- 


We produce a wide variety of special fasteners for our trol; analog system uses stepless switch- 
‘ ; ing to achieve 1 part in 100,000 resolu- 
customers . . . but only when we have to! Only when a stam... A rence of astinins on aitbernc 
standard rivet just won't fit the application. We bring semiconductor power circuits and com- 
; : . ‘ ponents: a transistorized converter-type 

our experience, skill and engineering know-how to I 


power supply for a telemetering pack- 
age. and a 200-amp transformer-rectifier 
we can’t modify designs to substitute an inexpensive combination with magnetic amplifier 

F regulation. . .. New drafting standards 
and techniques for control drawings 


; described by V. F. Dugar of Reliance 
To improve product appearance and strength Electric. 


... to take full advantage of automatic assembly \ ‘Richard Console of the U. S. Naval 
...to cut delivery time and production costs \ir 


every job, large or small. It’s a challenge to see if 


“‘standard”’ rivet for a more costly ‘‘special’’. 





Development Center analyzes the 


—vget in touch with Milford first! magnetic and mechanical factors that 
MILFORD b 


led to the development of relays operat- 
ing directly on alternating current, 


T H E a ‘ L e oOo R D Fr i Vv ET without shading coils or auxiliary com- 

ponents... . 4 And two articles on new 
& we AC H i cat Ee Cc oO ae developments on plastics laminates .. . 
MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA plus one on the design of electronic 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. equipment for ease of maintenance are 


among other October features. 
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¢ Use Inquiry Cards To Get More Information on Any Advertised Product or Service 





Electrical 


Manufacturing 





ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on advertised products all 
advertisements, as well as all editorial items, 





have been given a key number. Corresponding Advertised Products 
numbers appear in the respective grouping of Circle key numbers which appear at bottom of 
the Reader Inquiry Service post card below. selected advertisements 
Simply circle the numbers that apply to the ‘ 
specific items in which you are interested— New Components and Materials 
advertising or editorial. See reviews of new developments starting on 
Your information requests will be forwarded page 152 
promptly—within 48 hours of receipt of card. ° 
To expedite, please print or type your name and New Literature 
address, also be sure to indicate the principal See latest Catalog and bulletin offerings starting 
product of your plant or laboratory. on page 246 


Reprints of Editorial Features 


For article reprints available, without charge, 


Cards will be processed by publisher 


if received by November |, 1957. on page 270 
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591 606 
592 607 
593 608 


621 636 651 666 681 
622 637 652 667 682 
623 638 653 668 683 
624 639 654 669 684 
625 640 655 670 685 
626 641 656 671 686 
627 642 657 672 687 
628 643 658 673 688 
629 644 659 674 689 
630 645 660 675 680 
631 646 661 676 691 
632 647 662 677 692 
633 648 663 678 683 
634 649 664 679 694 
635 650 665 680 695 






701 716 731 
702 717 732 
703 718 733 
704 719 734 
705 720 735 
706 721 736 
707 722 737 
708 723 738 
709 724 739 
718 725 740 
711 726 741 
712 727 742 
713 728 743 
714 729 744 
715 730 745 
















594 609 
595 610 
596 611 
597 612 
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599 614 
600 615 
601 616 
527 S42 557 572 587 602 617 
528 543 558 573 588 603 618 
514 529 544 559 574 589 604 619 
530 545 560 575 590 605 620 
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ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on advertised products all 
advertisements, as well as all editorial items, 
have been given a key number. Corresponding 
numbers appear in the respective grouping of 
the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific items in which you are interested— 
advertising or editorial. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by November |, 1957. 
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READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY CARD 
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DESIGNING HEAT INTO YOUR PRODUCT? 


General Electric Metal-sheath Heaters 
Save Time in Both Production and Design 


HEATING LIQUIDS eS aa 






a ° a 






1 DISHWASHER MAKER CHOSE screw- DIRECT CONTACT WITH LIQUID over entire 3 SIMPLE ELECTRICAL CONNEC- 

in type G-E immersion heater from heating surface provides fast heat-up and TIONS, after heater is screwed 
wide variety available. Threaded minimizes heat-transfer losses. Thermostat is into place, complete installation. 
fitting speeds installation. easily installed for temperature control. Assembly is fast, easy. 


HEATING SURFACES 


A 


Pc ee 


1 EASILY FORMED WITHOUT BREAK- 2 STURDY METAL SHEATH permits casting 3 LONG LIFE comes from com- 

ING ...this is reason why General heaters right into die body—without pro- bining quality die work with 
Electric tubular heaters are choice duction headaches. Result is dependable, dependable G-E heaters. Users 
of branding-iron manufacturer. even heating of entire die surface. report up to 12 years life. 



















Protective metal casing Brazed fins 
for quick heot transfer 


ARR 











Magnesium oxide electric 









= : ss co os , Nickel-chromium resistor insulator and heot conductor 
LARGE RADIATING SURFACE per > COMPLETELY ENCLOSED heating element of PRE-FORMING TO YOUR SPECS 
unit length of G-E finned tubular General Electric finned heaters is protected reduces on-site fabrication time 
heaters allows maximum air circu- from dust in the air stream, eliminating and costs, and helps solve 
lation in forced-convection heating. trouble from short circuits. problems of installation. 












HANDY SELECTOR GUIDES ... 





Mail to Section H723-11, General Electric Company, Schenectady 5, N. Y. 


GEA-6113 Handy Selector Guide for Metal Melting 
LJGEA-6146 Handy Selector Guide for Surface Heating 
Learn how to pick the right G-E heater for your job GEA-6305 Handy Selector Guide for Water, Alkaline or Plating Baths 
GEA-6306 Handy Selector Guide for Heating Oil 
1957 Catalog of Heaters and Devices 





NAME 


For more information, contact your local G-E Apparatus Sales Office 
COMPANY 


Bem _ GENERAL BB ELECTRIC 
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Heinemann s Series 


Me Se OOS TP ay 


AMIZT Cireuit Breaker 


field assembled one-. two- or three-pole oa 
interchangeable 400 “U or DC serviee 


Developed especially for the rigorous demands of 
airborne service, the Series AM17 circuit breaker is 
now proudly flying with such dependable aircraft as 
Douglas’ huge C-133. 

The rugged AMI17 operates on Heinemann’s well- 
proven principle of magnetic actuation with hydraulic 
time delay. No de-rating, no compensation for ambient 


temperature or vibration necessary. 


HEINEMANN ELECTRIC COMPANY 
99 Plum Street Trenton 2, N. J. 
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Easily “ganged” in the field for Companion-Trip® 
multi-pole applications, and designed for interchange- 
able service on 400-cycle and DC current, the AM17 
may well be the one circuit breaker for all your equip- 
ment and circuit protection requirements. 

Full details, including applicable military specifica- 
tions, are furnished in Bulletin T-3302. Write for 
your copy. 
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USS Electrical Steel News 


Continuous coils of USS Electrical Sheet pay off 
in less material handling and in reduced serap; 


also speed production of 
motor laminations. 


‘Ee E MOTOR DIVISION of Westinghouse Electric Corpo- 
ration, Buffalo, New York, prefers cold reduced, contin- 
uous coils of USS Electrical Sheets over cut-length 
sheets because motor laminations cost less to produce 
when made from coils. Savings are made through better 
utilization of material and reduced trimming opera- 
tions. The continuous coil also results in less handling 
and higher production rates. Inherently, cold reduced 
coils have better punching properties. 

Use of continuous coils eliminates partial stampings 
which occur at the end of each cut-length sheet. Coils 
substantially reduce scrap loss and permit continuous 
production of laminations, since once started, the mate- 


rial is automatically fed into the press. 


Electrical Industry Switching 


to Continuous Coils 


The same economics which led Westinghouse to the 
use of continuous cold reduced coils have led many other 
companies producing laminations to turn to this more 
convenient and economical form of electrical steel. 
United States Steel’s coil-producing facilities have been 
expanded to meet your needs. 

You can obtain your copy of USS Electrical Steel 
Sheets Engineering Manual *4 by mailing the coupon. 
This fourth edition is one of the standard handbooks 
throughout the electrical industry and has been brought 
up to date with the latest information on all types of 


electrical steels. 


United States Steel Corporation, Pittsburgh 
Columbia-Geneva Steel Division, San Francisco 
Tennessee Coal & Iron Division, Fairfield, Ala 
United States Steel Supply Division, Warehouse Distributors 


United States Steel Export Company, New York 


U N IT E D 


@ Motor laminations are made from continuous coils of 
USS Electrical Steel at 
Buffalo Plant. 


estinghouse Electric Corporation’s 


@ Westinghouse uses USS Electrical Steel in continuous coils 
up to 3234” wide. The Stators shown are 324 ABFC (Fan 
Cooled) 30 H.P. 4 Pole with Class A insulation. The outside 


diameter of the laminations is 13.5” and the I.D. is 8.75”. 


i COMPLETE INFORMATION — MAIL THIS COUPON 


United States Steel 
Room 5647, 525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Send my free copy of the new Fourth Edition of ‘‘USS 
Electrical Steel Sheets’’ which contains detailed curves 
and data on magnetic and physical properties of the 
individual grades. 


Name 
Firm 
Address 


City 


> ££ AT E S 
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Vibration won’t loosen FLEXLOC 


Where products must be reliable... must stand up 
under vibration, temperature extremes and hard use 

. designers specify rugged, reliable, precision-built 
FLEXLOC self-locking nuts. 


HERE’S WHY: 

FLEXLoc locknuts tensile strengths far 
exceed accepted standards. They are uniform: care- 
fully manufactured to assure accurate, lasting locking 
action. And they are reusable: repeated removal and 


are strong: 


We also manufacture precision titanium fasteners. Write for 


/ 
re 


self-locking nuts 


replacement, frequent adjustments, even rough screw 
threads will not affect their locking life. 


Standard FLeEx.oc self-locking locknuts are available in 
a wide range of standard sizes, types and materials to 
meet the most critical locknut requirements. Your local 
industrial distributor stocks them. Write us for complete 
catalog and technical data. Flexloc Locknut Division, 


STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


STANDARD PRESSED STEEL CO. 


hooklet 


FLEXLOE tocknur pivision 


) 
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WIDE-VUE 


panel instruments 


a new concept 


in styling and visibility 
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SELF SHIELDED MOVEMENT 
ELIMINATES CALIBRATION 
PROBLEMS... 


All stock DC Wide- 
Vue meters use the 
Simpson self shielded 
Core Magnet Meter 
Movement, except the 
0-25 and 0-50 DC 
Microammeters and 
V. U. meters. 


available in stock and custom-built units! 


The clean, graceful lines of “Wide-Vue” panel instruments add 
© . . I ws 
two plus values to your equipment designs. First, style—ultra- 
modern beauty that blends with today’s streamlined panels. Sec- 
ond, functionalism—longer scales with wide-angle readability. 
The 214” size, for example, has the same scale length as a conve 
1e 2’ size, lor example, has the same scale length as a conven- 
tional 314” meter. Wide-Vue’s durable cover is formed in one 
piece from clear plastic, and can be supplied with black or color 
(custom-built units only) finishes. DC, AC, and AC rectifier 
types in 214”, 314”, and 414” sizes. 


See your Electronic Distributor for 


on stock Wide-Vue meters... 
over 130 ranges and types to choose from! 


SIMPSON ELECTRIC COMPANY 


5200 W. Kinzie St., Chicago 44, Illinois ' : : 
Phone: EStebrook 9-1121 Tee nee 
in Canada: Bach-Simpson Ltd., London, Ontario 5" aS La 


RC ete Sy 
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ENGINEERED FOR 
LONG-LIFE 

AND D 
GREATER aa 
ECONOMY 


Constantin’s staff of manufacturing engineers 
have spent many years in researching and 
designing reliability and economy into thousands 
of different glass-to-metal seals. Each is built 

to rigid custom specifications. Each requires 
extensive testing. Only by this meticulous care 
and treatment has Constantin been able to 
continually satisfy their customers with 
precision, quality components. 


These customers manufacture a wide, diversified 
range of components which require many 
different styles of Constantin glass-to-metal 
seals including all-in-one assemblies, capacitor 
end seals, transistor mounts, crystal holders, 
connectors, single terminals and multi- 
headers — manufactured to the closest 
engineering specifications. 


The latest production techniques and the finest 
materials in hermetic sealing are incorporated 
directly into your product. The handling and 
supervision of production is entrusted to 
experienced design engineers and technicians 
from the moment your order enters the 
Constantin plant to final shipment. 


Write today for complete information. 
Please mention your application. 


“Quality With Confidence” 


MANUFACTURING ENGINEERS 


GENERAL OFFICES: ROUTE 46, LODI, N. J. PLANTS: 187 SARGEANT AVE. 6TH AND CAPITAL STS. 


CLIFTON, N. J. SADDLE BROOK, N. J. 
ROUTE 46, LODI, N. J. 
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Control Problems ?... Consult CONTROL EXPERTS 


Textiles 


Control for Every a 
Industry...Designed {°° 


Petroleum 


by Allis-Chalmers 9 (== 


Mining 


§ kcon world’s largest line of major industrial equipment is 

No ; ' Sreicw tat 
produced by Allis-Chalmers. In supplying equipment to Metal Producing 
all industries, Allis-Chalmers has been called upon to pro- 


vide every conceivable type of control... STANDARD, Metal Fabricating 
MODIFIED and SPECIAL DESIGN ... in thousands 
of applications. This experience can help solve any or Machinery 
all of your control problems...when you specify 
Allis-Chalmers Control. Lumber 
For Expert Help With Your Control Problems... 
call your Allis-Chalmers representative. His recom- 
mendations are backed by Allis-Chalmers special- 
ized engineering staffs . . . by complete research 
and testing facilities. 


Food Processing 


Chemicals 


For further information call your nearby 
A-C office, or write Allis-Chalmers, General 
Products Division, Milwaukee 1, Wisconsin 


Cement 


Automotive 


£9n2 


ALLIS-CHALMERS 
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THE BIG. 


The Auto-Lite engineers shown here are checking 
the thermal characteristics of dozens of different 
kinds of insulation materials. You can be sure that, 
no matter what the results, they won’t be satisfied. 
They'll go right on looking for other materials that 
can resist even more heat. 





In keeping with the times, Fahrenheit is a mighty 
important word at Auto-Lite. The Big F° gets top 
priority in the search for better insulation materials. 


Hundreds of different wire insulation materials are 
being tested here by the finest trained personnel 
using the most modern research techniques and 
equipment. Out of these tests comes a wealth of 
knowledge important to all customers served by 
Auto-Lite. 


No matter what you need—whether it be high 
temperature aircraft wire or cable, magnet wire or 
wire for electronic and electrical applications—why 
not tell us your insulation problem and let us help 
you in reaching a solution. 


AUTO-LITE. 


THE ELECTRIC AUTO-LITE COMPANY e Port Huron, Michigan e Hazleton, Pennsvivania 
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FASCO'51 Frame 
6 Pole, Shaded Pole Motors 
Designed for Air-Conditioning 
Applications 


1/30 to 1/5 H.P. (NEMA Rating) 


High efficiency, high power factor . . . smooth, 
quiet, trouble-free performance—that’s what 


these all-new Fasco ‘‘51”’ Frame Motors deliver. 


Compactly designed for use where “space-saving” 
small size is an important factor, these precision- 
engineered, heavy-duty motors incorporate new de- 
sign features which make them ideally adapted to 
Air-Conditioning. All models have heavy gauge, ‘ear eR 8 


smoothly formed drawn steel cases with exposed All-new electro-magnetic design incorporated in 


; . in . : Fasco’s outstanding 5” diameter frame 
laminations and open ventilation to permit rapid af 5 La. 

ae : Precision-ground shaft and oversize, self-aligning 
dissipation of heat. 


porous bronze bearings for smoother operation. 


we ‘ ; Wound-in-place coils. 
Write, wire or phone for complete information. 


New die-cast rotor structure provides maximum 
uniformity of rotor resistance. 
FASCO INDUSTRIES, INC. * ; : 
tst i t teristi in ¢ 
Main Office: 10 Augusta St., Rochester 2, N. Y. + Tel: HAmilton 6-1800 i” detiineet. eee nee 


Extra-capacity felt-packed oil reservoirs assure 
adequate, trouble-free lubrication. 


Essentially flat noise characteristics from 25 to 
1,500 cycles. 


BRANCH ENGINEERING OFFICES 


EAST COAST 482 Summer Street 
A ee Fireside 8-4972 


FRACTIONAL H. P. 
MOTORS AND BLOWERS 


4924 Greenville Avenue 
EMerson 8-2603 

P. 0. Box 305 

OWen 7-3815 
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No. 1 


of a series of ads 
dealing with basic 


facts about 


Design 


ng for Product Improvement 


Vit WIL THERMOMETAL 


Thermometal (thermostatic metals) 
are laminations of two or more different 
metals with unequal coefficients of ex- 
pansion. The difference in rate of expan- 
sion causes them to change shape with 
changes in temperature and, if re- 
strained, to build up force. 

This basic fact is of great industrial 
importance, for it makes possible the 
application of Thermometal in indicat- 
ing and controls devices in 4 broad 
categories. 


1. Temperature Indication, as in 


Thermometal thermometers. 





Toe RuOme Tay 


2. Temperature Control, as in electric 


irons, toasters, or room thermostats. 





THE RMOME TAL 


3. Temperature Compensation, as in 
automotive heat manifold control. 








4. Sequence Control by Functional 
Heating, as in electric circuit breakers ee , 
for overload protection. 


4. SPIRAL OR HELIX 


: 





According to the application, the 
selection of Thermometal is generally 





governed by four performance factors 


Thermometal can be rolled to any 
desired thickness and formed into al- 
most any shape, and still respond to 
temperature changes. For this reason it 


is a unique thermal element, which 
functions without linkages, seals, spe- 3 
cial mountings, and in most applications 4. | 


without electrical energy. Thermometal 
can be made to perform simple flexing 
motion, rapid snap action, and rotary 
or twisting motions. Four basic shapes 


The H 


American pioneer in the development 


A. Wilson Company is th 


and manufacture of thermostatic metals 


We produce over 40 metals for this use 
are used alone or in combinations to 


: Also we make a complete line of electri- 
obtain these motions: 


cal contacts for use with Thermometal. 

Reprints of this series are available 
on request. For further information 
about our products, ask for the Wilco 
| Blue Book, the most complete reference 


en 


Pee Bend as 


manual ever written on Thermometal. 
And if you have 
an immediate ap- 
plication problem 


2. SIMPLE BEAM for Thermometal 
or other Wilco 
‘ products, please 


oe a ee tell us. Our engi- 


neering service IS 





at your disposal 


THERMOMETAL THE H. A. WILSON COMPANY 
eee 2655 U. S. Route 22, Union, New Jersey 
COMPOSITE METALS Branch Offices: Chicago * Detroit » Los Angeles * Providence 


SPECIAL PURPOSE 


ALLOYS 
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This cutaway of the AMPlivar splice 
shows how conductor material ex- 
trudes outwardly into serrations for 
added strength and electrical con- 
tact. The splice is as corrosion 
resistant as the wire itself. 


IDEAL FOR ASSEMBLY LINE PRODUC: 
TION. .. the AMP Horizontal Auto- 
machine uses AM Plivar splice con- 
nectors in strip form, for automatic 
splicing as fast as the operator can 
insert the wires. 


for rdentical, mass produced splices of 


General Office: 5213 Eisenhower Boulevard, Harrisburg, Pa. 
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nus new horizontal machine 


enamel, poly-vinyl acetal and similarly coated wire 





AMPlivar splices 
can be used on 

solid or stranded 
conductors, or 


combinations thereof 


AMPlivar splices, with multiple 
ring stripping action, eliminate 
scraping, dissolving in solvents, 
burning, or other methods for re- 
moving insulation. Included among 
its many other features are: 


NO HEAT DAMAGE TO WIRE OR IN. 
SULATION—as often occurs in al- 
ternate methods of splicing. 

SMALL SiZE—scarcely larger than 
the wires themselves, but design- 
engineered to lock wire and con- 
nector into a high tensile strength 


splice. 


CORROSION RESISTANT—the joint 
is hermetically sealed during 
splicing 


LOWER INSTALLED COSTS—elimin- 
ates soldering materials and equip- 
ment...requires less wire... 
reduces time required to make the 
splice. 


Further information is available on request. 







- 


mil 
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PATENT PENDING 


1. Cut wire and bend in hook. 










2. Close for soldering. 


Here is a new Klein Plier based on an original principle 
which assures cleaner, faster cutting. The shear action makes 
it possible to cut hard wire or dead soft wire easily, quickly. 
The reverse side of the plier has a milled section behind 
the knife so designed that when the wire is cut, it is held in 
position and a turn of the hand forms a 3/16-inch hook at 
the proper angle. Without changing pliers this hook may 
then be closed on the terminal for soldering. 
Shear blade is held in place with a countersunk setscrew 
and may be quickly replaced when knife becomes dull. 
Also available as a straight side cutting plier with shear. 
Furnished standard with self-opening coil spring and 
1/16-inch point. 


ASK YOUR SUPPLIER 


Foreign Distributor 
International Standard Electric Corp. 
New York 


Faster Wiring with 


NEW 
Klein Shear Cutting Plier 










208-6NC. Similar in design to 208-6C but reverse 
side designed to put a positive 3/ 16-inch hook on 
the end of a resistor wire. Smooth one-motion 
operation saves production time on every tele- 
vision or radio set. 





208-6C long nose shear cutting plier. A 6'/2-inch 
long nose plier with shear blades. Will cut dead 
soft or extremely hard wire. Blade replaceable. 
Plier never needs sharpening. Point of nose 1/16- 
inch diameter. Coil spring keeps jaws open ready 
for use. 


root QM Ly Penns 





7200 McCORMICK ROAD 
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CHICAGO 45, ILLINOIS 
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Single New Rectifier Outperforms 







12 full size 
~ conventional 


stacks! 











Radio Receptor HCD Petti-Sel °°" 
Industrial Type Selenium Rectifiers 


Because the exclusive Siemens vacuum process eliminates the 


Produced by the improved new need of an artificial barrier layer, it is Possible for Radio 
vacuum process developed by Receptor to offer smaller cell sizes operating at high current 
Siemens of West Germany and density, yet with lower voltage drop. In actual dimensions 
now manufactured exclusively this means that just one RRco. HCD rectifier measuring 8” x 


by Radio Receptor in the U.S. 16” x 25”, rated at 26V AC, 4500 amps DC, replaces twelve 
usual stacks 6” x 714” x 10”. 

icicle initia RReo. Petti-Sel rectifiers do far more than save space. They 
reduce assembly time, require fewer connections and cost 
Lower voltage drop less per ampere. Their dependability has been proved for 
No artificial barrier years in European circuits and the outstanding electrical 
Negligible aging with characteristics are not even approached by other standard 
an estimated life of cells available today. For further information please write 


100,000 hours! today to Section EM-9. 


Semiconductor Division 


RADIO RECEPTOR COMPANY, INC. 


Radio and A Subsidiary of General Instrument Corporation 


Electronic Products 
Since 1922 240 WYTHE AVENUE, BROOKLYN 11, N.Y. © EVergreen 8-6000 


Radio Receptor products for Industry and Government: 
Germanium and Silicon Diodes, Selenium Rectifiers, Thermatron Dielectric 
Heating Generators and Presses, Communications, Radar and Navigation Equipment 
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THROUGH THE TINNING LINE, steel sheet up to 38” wide and .0125” gage passes at 1000 feet per minute. A total plating current of about 


178,000 amps is carried to the 27 collector heads from the bus room below by these rectangular bus conductors. Installation involves 
| 115.000 Ib ot copper bus conductors 


Big new sheet tinning line drawing 178,000 amperes 
is served by this compact Copper Bus installation 


Copper bus conductors were selected for this instal- 
lation in a plant of one of America’s great steel com- 


s because it made possibl a saving of 20 


‘ 


per ce In space 
D. Anderson Murphy, president of Riggs Distler 
& ¢ mechanical and electrical contractors, Balti- 


! re, Md., which made the installation, states that 
if the big reasons for the selection of Anaconda 


IS is the outstanding engineering and technical 
a | ( i\ ilable through Che Ame rican Br iss ( om- 
pans Anaconda ¢ ngimeers worked closely with Riggs 


| Vistler to he Ip solve many of the problems posed by 
this complex job. Mr. Murphy adds that the bus 


ductors came through well packaged, with clean 


ends indicating a good sawing job, and came 
through promptly on schedule—other factors in the 
selection of Anaconda conductors 


TECHNICAL SERVICES. Anaconda specialists are avail- 
able to help solve technical problems involving the 
use of Anaconda Bus Conductors. For such assist- 
ance or a copy of the 62-page Publication C-25, 
“Anaconda Copper for Electrical Conductors,” write: 
The American Brass Company, Waterbury 20, Conn. 





® , 
A VIEW IN THE BUS CONDUCTOR ROOM, showing ventilated square tubes 
and flat bars. Sizes of tubes used were 6” and 4” square by '%” and 44” 


COPPER CONDUCTORS by up to 22’ 1” long. Rectangular busses used 6” and 4” x 44” in lengths 


up to 20’. ca 
Made by the American Brass Company ip to , 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


_ a 


VENTILATED 
WIRE & ROD ae ta TY Pye ) Tome a1: ARE TUBE NPIS 
s OUND TUBES SQUARE TUBES PS hagamblingpete i Cc ELS 
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TAYLOR 


J Laminated Plastics 
Vulcanized Fibre. 


Shop Talk 


TAYLOR 


FIBRE CO. 


Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL IC— MELAMINE—SILICONE—EPOX Y LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


Tips for designers 





Terminal board for a complex circuit in an elec- 
tronic spectrophotometer is made of Taylor Grade 
LE laminate . . . selected for its insulating and 
mechanical properties. 





Gas pump impeller unit is fabricated of Taylor 
Grade LE-6 phenolic laminate . . . economical, 
light-weight, wear-resistant . . . chosen because of 


strength, stability. 





Guides for sliding doors, made from Taylor 
vulcanized fibre, last longer because of high 
strength and resistance to abrasion. 





Metal plating barrels of Taylor Grade C-5 
melamine withstand corrosion and erosion success- 
fully in alkaline solutions. Downtime and mainte- 
nance costs are substantially reduced. 


TAYLOR SUPERIOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass epoxy) 
Copper-Clad and Taylor XX XP 
242 cold punching (paper- 
phenolic) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 


standing electrical properties. 
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This coil form for radio frequency transformers is fabricated by Taylor of 
Grade XX laminate plastic tubing for Collins Radio Co. The O.D. of the 


center section is held to a tolerance of .230” 


.0005”. Material was chosen 


for its good electrical properties, dimensional stability and machineability. 


Precise electrical insulation parts? 
Taylor can produce them. 


This coil form for radio frequency 
transformers was produced by 
Taylor’s Fabricating Division, 
holding the tolerance of the out- 
side diameter of the center section 
to + .0005”. 


Taylor has special techniques and 
facilities capable of providing 
parts—such as this coil form—to 
your own specifications, promptly 
and economically. Youcanshorten 
your production steps by putting 
Taylor to work for you . 
fying production . 
schedules . . 
costs. 


. . Simpli- 
. . safeguarding 
reducing overall 


Precision fabrication of laminates 
and vulcanized fibre is difficult . . . 
but Taylor can and is doing it, in 


Circle 128 on page 17 


a great variety of Taylor grades, 
and to extremely close tolerances. 
In your present products or in 
those that are now on your draft- 
ing boards are opportunities for 
you to take advantage of Taylor’s 
equipment and experience. Design 
to closer tolerances—Taylor can 
handle the job. Taylor is equipped 
to handle any type of fabrication 
—punching, drilling, grinding, 
forming, milling or turning—sim- 
ple or complex. 


Chances are that Taylor’s staff of 
specialists can help you with de- 
sign, material selection and fabri- 
cation. Call or write your nearest 
Taylor sales office for a talk about 
your needs. 
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GREATER WIRING SPACE 
Wrap-around cover—re- 
movable enclosure sides 
make wiring much easier. 





SNAP-SLIDE CONSTRUCTION 
Principal components quick- 
ly disassembled for easier 
inspection and maintenance 





“VERTICAL’’ CONTACTS 

Continuous dependable op- 
eration of new starter— 
even in dusty atmospheres 


ADJUSTABLE OVERLOADS 


Overload trip setting can be 
adjusted plus or minus 15% 
of nominal heater rating. 





General Electric announces 


W EWeieoant 


Magnetic Starters— 
42% Smaller in Size 


General Electric now offers a new line of Size 0 and 1 magnetic 
starters that is 42°, smaller than previous open forms and is built to 
the new NEMA ratings. The new starters with ‘‘snap-slide’’ construc 
tion provide easier inspection and maintenance because principal 
Completely new and radically 
different in design, this line of starters offers 


components snap or slide together 


—easily removed 


@ wrap-around cover with spring latch 1 
without tools for inspection 

@ removable sides for greater accessibility 

@ straight-through wiring speeds installation 

@ pressure-type terminals make wiring easy 

@ vertically-slanted contacts give higher tip pressure, 
reduce possibility of contact welding 

@ long life ‘*kick-off’’ 
tacts in any mounting position 


spring provides clean break of con 


@ strongbox coil with Mylar* insulated start wire for 
longer coil life 

@ overload relays adjustable for +15‘; of trip setting 

@ nine field modification kits for greater flexibility 

@ new maximum NEMA ratings 
volts and 10 hp at 440 volts 


up to hp at 220 


Two additional features of the new magnetic starter are extremely 
quiet operation and lower inrush requirements of the coil. Sound 
absorbing material around the magnet lowers the operating noise 
level. Lower coil inrush current will allow you to use a 47% lower 
rated control transformer with this starter—saving you money and 
mounting space. 

Size 0 and 1 General Electric starters are available now in non- 
reversing, combination, reversing and multispeed forms. Contact your 
nearest General Electric Sales 
Office or Distributor, or write 
Advertising Section 731-13 for 
the 20-page bulletin describing 
the line. Ask for GEA-6611 
General Electric Company, 
Bloomington, Illinois 





*Trade-mark of DuPont Cx 
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Meters 
tell the tale 
but 


SPECIAL 
ELECTRICAL 
ALLOYS 

do the 


“Steelmaker to the Electrical Industry” is a title we have k 
earned the hard way . . . by the sweat of research and Wor 
pioneering development. In this modern world of gauges 
and instruments, of automation, electronics and atomics, 
the heart of the design is so often some silicon steel, high- 
permeability alloy, or other special electrical material that 
we produce. @ When you need a steel to do what ordinary 
steels cannot do—whether electrically or in resisting corro- 
sion, heat, wear or great stress, call on us. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., Pittsburgh 22, Pa. ; 








Write for “MAGNETIC MATERIALS” 


This 32-page book contains valuable 
data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum “=: 


ELECTRONIC AG 


cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tions, etc. Your copy gladly sent free. 





ADDRESS DEPT. EM-93 





Warehouse stocks of AL Stainless Steels carried by all Ryerson plants 
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PLATED WIRE 


VAAN 


CLAD WIRE 


Sylvania knows both sides 
of this composite wire story 


HICH KIND OF WIRE will do 

your job better... plated? or 
clad? In Sylvania’s case histories, 
one usually comes out on top, 
pricewise, performancewise . . . 
or both. 


And perhaps Sylvania can help 
you decide which it is for you. 
As a manufacturer of both types, 
we'll give you our best and ob- 
jective opinion of whether you 
could better be using a plated 
wire where you're now using clad 


¥ SYLVANI 


TELEVISION” ° 


LIGHTING * RADIO °¢ 


METAL 


STAMPINGS 


. . . or clad where you’re now 
using plateq 

No matter what wire properties 
your application calls for, it will 
help you to know that Sylvania 
is one of the nation’s top custom 
platers of wire. Plating ranges 
from flash to 20% by weight in a 
wide range of materials in sizes 
from .250” to .002”. Or, your 
custom wire can be clad in just 
about any combination of cold- 
drawn materials. 


ELECTRONICS °« 


BLECTRONIC 
COMPONENTS 


Circle 131 on page 17 


Alloy wires too, 
are available on both a cus- 
tom and standard basis, as 
well as custom wire welds, 
and plated metal strip. 
Sylvania Parts Division is 
your source for metal 
stamping, plastic molding 
and special components as 
well. Write for complete 
information. 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


ATOMIC ENERGY 


4-way 
service 
from 
one source 








Typical of the scientific tech- 
nology that is behind Triplett’s 
world wide reputation for relia- 
bility—these jewel pivot bear- 
ings are so minute that 1000 do 
not even half-fill this one-half 
inch bottle and every jewel is 
perfectly balanced with more 
painstaking care than the watch- 
makers’ art?" 


Triplett current catalog offers 
more than 15,000 available types 
and ranges of clear plastic front 
and conventional design black 
plastic panel meters. 


The identical careful accuracy 
and high reliability is available 
in the complete Triplett line of 
VOMs, VTVMs, scopes and Pa 
other test equipment. 20 30 
D.C. 
MICROAMPERES 


Feu 





iS 


TRIPLETT ELECTRICAL INSTRUMENT COMPANY : 


Bluffton, Ohio ne 


Over half a century of experience 


umportant 
httle detail 
100 times 
enlarged! 


oe eee eee ee ee ee eee ee ee eee eee 


Burton Browne Advertising 





a a 


Burton Browne Advertising 
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surface barrier transistors from SPRAGUE 


AE ok RRS NEN OT EEN OE I TAR 


2N344/sB101 
for Medium Gain 
Amplifiers 





2N346/SB103 


for High Frequency 
Oscillators 














2N345/SB102 
for High Gain 
Amplifiers 








actual 
size 


2N240/SB5122 
for Computer 
Switching 


ee 





IN VOLUME .PRODUCTION Yow/ 


For general high frequency applications, and for 
high speed computer switching circuits, design 
around Sprague surface barrier transistors. They 
are available now in production quantities from a 
completely new, scrupulously clean plant, built from 
the ground up especially to make high quality 
semi-conductor products. 


) “a @ sey vetact sane, 


The four transistor types shown are the most popu- 
lar. Orders for these units are shipped promptly. 
What’s more, surface barrier transistors are reason- 
ably priced. High quality and excellent electrical 
characteristics make them an economical solution 
to many difficult circuit requirements. 


Sprague surface barrier transistors are fully li- 
censed under Philco patents. All Sprague and Philco 
transistors having the same type number are manu- 
factured to the same specifications and are fully 
interchangeable. You have two sources of supply 


when you use surface barrier transistors! 


WRITE FOR COMPLETE ENGINEERING DATA SHEETS ON THE TYPES IN WHICH 


YOU ARE INTERESTED. ADDRESS REQUEST TO THE TECHNICAL LITERATURE 
SECTION, SPRAGUE ELECTRIC CO., 307 MARSHALL ST., NORTH ADAMS, MASS. 


SNH EAE%RIC comsann 


TRANSISTORS «+ RESISTORS «+ MAGNETIC COMPONENTS 
CAPACITORS « INTERFERENCE FILTERS * PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE ¢ PRINTED CIRCUITS 


Circle 132 on page 17 Circle 


the trademark of reliability 
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WUCt MUL) & COMLUTY OF Experience 


AGOMPLETE tne or 


, up To 4 contacts 
2 Normally Open 

2 Normally Closed 
Measures only 

3-5/16” high x 2-5/8’ wide! 



















up To 6 contacts 
4 Normally Open 
2 Normally Closed 

Measures only 

3-11/16" high x 2-13/16” wide! 






5 


up 10 10 contacts 


Either 6 Normally Open and 
4 Normally Closed or 

8 Normally Open and = 

2 Normally Closed ~~ 

Measures only Ye 

5” high x 3” wide! 


600 VOLTS 10 AMPERES LONG LIFE 


ALL THREE SIZES HAVE 
IDENTICAL MOUNTING HOLE DIMENSIONS 


EC&M neavy inpustry ELECTRICAL EQUIPMENT. ..NOW A PART OF THE SQUARE D LINE 


SQUARE [) COMPANY 





ELECTRICAL MANUFACTURING 


€Circle 132 on page 17 Circle 133 on page 17 


By TAS \ 1 ean 


Take Them Apart in 20 seconds...from the Front! 
Not One Bit of Tear-Down Space Needed! 


MOUNTING SIMPLIFIED OUTSTANDING PERFORMANCE 


All three sizes have identical 
mounting hole dimensions 






















Balanced construction 
reduces wear on single 
moving part...results in 
long life and safeguards 
%» against down-time 


RESISTS DAMAGE 


Plastic impregnated 
molded coil is unbreakable, 
operates cooler, is dimen- 
sionally stable and impene- 
trable by water and oil 


20-SECOND 
DISASSEMBLY 


Simply loosen two 
screws and the en- 
tire device is disas- 
sembled for normal 
maintenance 















PACKAGED PARTS KITS 


make normal maintenance for the Complete Story, 
easier than ever. Any way you write for Bulletin 8501-D 
look at it, these new relays are Address Square D Company, 
tops. Small in size—long on 4041 North Richards Street, 


features and performance Milwaukee 12, Wisconsin 
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Lead wires on this 5 hp, 3 phase, 440 volt, 
1150 rpm motor are Silastic covered. Silastic 
assures long insulation life and safe handling 
of current peaks that could burn ordinary 
insulating materials 


SLT TE ineutation resists neat 


Here’s a wire and cable covering that can handle tough- 
For resistance to fuels, oils and. uty ambients with ease. Silastic*, the Dow Corning 
solvents, specify Silastic LS silicone rubber, withstands temperatures from —130 to 
, 500 F, and provides a flexible, waterproof coating of 
high dielectric strength. Resistance to arcing, ozone 
Ti . and corona are excellent. Almost any leading wire 
Get latest data on Silastic. Mail coupon today manufacturer can supply you. 


ing Corporation, Dept ' Typical Properties of Silastic for Wire and Cables 


Nichiaan 
end fon latest data on Silastic Temperature range, °F —130 to 500 
a Tensile strength, psi 600 to 1500 
ee — — Elongation, % 150 to 450 
; Insulation resistance, megohms/ 1000 ft 1000 to 3000 
piehinaien Dielectric strength, volts/mil 300to 500 

patsy en Pa Dielectric constant, 10? cycles 
per second, nominal 3.2 


COMPANY 


lf you consider ALL the properties of a silicone rubber, you'll specify SILASTIC 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


Circle 135 on page 17 ELECTRICAL MANUFACTURING 





Nickelectric 


Developments in Nickel and Nickel Alloys and their applications 


Vows 


Sled trains snowhaul 34,000 tons of supplies 
to speed new Nickel mines into production 


Fluorescent lamp holder developed 
for corrosive atmospheres 


3 Nickel alloys play 
important role 


Jenjamin Electric Manufacturing Com- 
pany now makes a fluorescent lamp 
holder for use in humid, fume-laden 
atmospheres. Their secret: the use of 
three corrosion-resisting Nickel alloys. 

Permanickel* electrically-conductive, 
age-hardenable nickel provides excel- 
lent spring properties and required con- 
ductivity in the “Springlox” contacts 
and terminals. Type 316 stainless steel 
gives coil springs good fatigue resis- 
tance, assures firm contact between lamp 
and holder. 

Frame, rivets and spring casings are 
made of Monel* nickel-copper alloy 
chosen for good fabricability as well as 
strength and corrosion resistance. 


Permanickel meets growing need for 
corrosion-resistant spring conductors 


More and more manufacturers are mak- 
ing current-carrying springs of Perma- 
nickel alloy, an age-hardenable elec- 
trically-conductive nickel with excellent 
corrosion resistance and fatigue prop- 
erties. See chart for comparisons of 
some of Permanickel alloy’s electrical 
properties. 


Electrical Resistivity 
ohms cir. mil ft. (68°F 
microhms/cm* (20°C 
conductivity of copper 


28 


Temperature Coefficient cf Electrical Resistivity 
per °F (68-21 2°F 
per °C (20-100°C 

Age-harile 


INCO THE INTERNATIONAL NICKEL COMPANY, INC. * 67 Wall Street * New York 5, N. Y. 
eee 


For more information on Inco products mentioned above, use reader service number or write. 


TRADE maRE 
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DURANICKEL 


260t 
47 431 
3.9 


0.0006 
0.001 


Duranickel Alloy overcomes 
wear and corrosion 
in spring contacts 
of battery charging rack 


... adds to life of battery terminals, too 


PERMANICKEL 
100/94.5t 
16.6/15.7¢ 
10.4 


“A” NICKEL} 


0.002 


0.0036 
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Last winter Inco-Canada shuttled 24 
diesel sled trains over a 35-mile snow 
trail in northern Manitoba south- 
west of Hudson Bay. Object was to 
get a flying start on the construction 
of two new Nickel mines... part of 
an Inco program for adding over 100 
million pounds a year to Nickel out- 
put. 


1000 trips 


In this gigantic snowhaul, sled trains 
made 1000 trips laden with equip- 
ment to start work on the mines and 
the new townsite while a railroad 
spur line was being built. 


In addition to new mines, the 
project includes new concentrating, 
smelting and refining facilities. The 
expected boost in Nickel availability 
is good news for many now working 
on designs calling for the special prop- 





erties of Nickel and Nickel alloys. 


qt the end of each shift, miners re- 
charge their safety cap lamp batteries 
on racks like this, made by Mine Safety 
Appliances Company. Spring clips of 
Duranickel* age-hardenable nickel 
(inset) hold the blade-like Duranickel 
battery terminals firmly, making a good 
electrical contact for a full charge every 
iranickel alloy resists the potas- 
iydroxide battery fumes, and pro- 
vides the necessary wear 
high strength and long-lasting spring 
properties. 


I 
: <s 
Slum I 


resistance, 


*R ra ark 


INCO 
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For many years, General Electric has helped 
leading manufacturers solve product wiring 
problems. This experience in developing wires, 
cables, and cords as important product com- 
ponents, has resulted in a line so comprehen- 
sive and flexible in meeting application 
requirements that it has become the standard 
for many design engineers. (A few of the many 
types available are shown here.) And, where 
special constructions may be needed, product 


designers can call on General Electric engi- 
neers for assistance in meeting out-of-the- 
ordinary wiring needs. 

Write for your free copy of “G-E Wires, 
Cables and Cords for Product Designers.” 
Address Section W210-922, Wire and Cablk 
Department, General Electric Company, 
Bridgeport 2, Connecticut. 


*Registered Trade-mark General Electric Company 
**Trade-mark General Electric Company 
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SUPPLY CORDS 


Types SO, SJO, S, SJ, SV—Resistant to oil, water, acids, alkalies 
and heat. Available for light, medium, or heavy duty on house 
hold appliances, office machines, portable tools and for use in 
extreme conditions such as garages, packing houses, chemical 
plants, etc. 


Type SP—For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc 

PREENX* heater cord—Outwears fabric-type cords. Water-, 
oil-, and grease-resistant. 300 volts, for 90 C service. 

Type SPT rip cord—For table and floor lamps, radios, fans, 
and other small devices. Smooth, attractive, long-wearing finish. 


Type SPT-3 Flamenol* — Parallel power supply cord with 
grounding conductor — The amazing new extra-slim, flexible 
power supply cord for refrigerators, air conditioners, de- 


odorizers, etc. (Cross-section only 2” x %4”.) 


APPLIANCE AND FIXTURE WIRE 


Flamenol appliance and fixture wire—For general internal 
or external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like 
Flamenol appliance wire—For wiring appliances where high 
temperature rating is required. 600 volts, not exceeding 90 C 
and 105 C. 

Silicone rubber appliance and fixture wire—For sun lamps 
therapeutic devices, and other high-wattage units. 600 volts 
200 C maximum copper temperature 

Deltabeston* appliance wire—Available with smokeless or 
moisture-resistant insulation. 

Deltabeston appliance lead wire—Recommended for use on 
appliances such as sterilizers, etc., where heat is a problem. 
Deltabeston fixture wire—For all types of interior lighting 
fixtures and other high-wattage units such as sunlamps, etc 
Deltabeston range wire—An improved appliance lead wire 
designed for increased dielectric strength and moisture resis- 


tance. 300 volts, 125 C. 


MAGNET WIRE 


Alkenex** wire—Insulated with a heat-resistant film that per- 
mits lighter, more compact motors... raises motor ratings as 
much as 25%. Temperatures up to 150C, exceeding Class B 
requirements. 

Formex* wire—Designed for motors, coils, and other windings 
where space is at a premium and resistance to moisture, fumes, 
and abrasion is required. Class A, temperatures up to 105C. 
Deltabeston wire—For winding motors, lifting magnets, brake 
coils, generators, etc., subject to high-ambient temperatures 
and intense operating heat. Class B, temperatures up to 130 C. 


APPARATUS LEADS 


Flamenol machine too! wire—Small diameter, color coded 
acid-, and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts. 

Silicone rubber apparatus leads—Class H—For high-temper- 
ature application where flexibility is required, such as motor 
and transformer leads. 600 volts, 200 C. 

Geoprene* motor leads—For fractional hp motors, coils, ba 

lasts, etc., particularly for use where wire must stand elevated 
temperatures 

Deltabeston switchboard wire—Will resist heat, flame, oil 
and corrosive vapors 
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Further technical data, prices 
and delivery information — on 
the 5490 5495 Console Record- 
ing Systems and two- to eight- 
channel 5475/5480 Systems 
are available on request 
from your Sanborn Sales- 
Engineering Representa- 
tive or the Industrial 
Division in Waltham. 


for 
analog computer 
readout: 


modern, compact, mobile 


SANBORN 
CONSOLE RECORDING SYSTEMS 


Up to eight problem variables can be recorded in inkless, permanent, 
rectangular-coordinate tracings —with Sanborn’s improved six- and eight- 
channel 156-, 158-5490 Console Systems. Less than four feet high and about 
two feet in width and depth, these Systems are completely mobile and de- 
signed for maximum operating convenience. Controls and indicators on the 
sloping top panel include individual-channel attenuation, position, balance, 
sensitivity and stylus heat adjustments; switch for turning off B+ of output 
amplifiers; chart drive motor switch (can also be remotely controlled); code 
marker and or one-second interval timer stylus switch. The Recorder unit, 
either six or eight channels, features paper loading from the top, and nine pre- 
cisely controlled speeds from 0.25 to 100 mm/sec. Four dual-channel DC Driver 
Amplifiers of current feedback design are housed below the Recorder, and are 
mounted on a chassis which may be withdrawn for inspection. 


Electrical specifications of the Console Recording Systems include a basic 
sensitivity of either .01 volt/chart division (5490 types) or 0.1 volt chart division 
(5495 types); linearity of 12; drift less than 1/2 chart division, hour (5490), less than 

1 20 chart division hour (5495); flat frequency response to 20 cps, down 3 db at 60 cps 
for all amplitudes to 5 cm peak; either single-ended or push-pull input signals of 5 
meg. impedance (each input lead to ground). 


A useful companion instrument is the new Sanborn Model 183 Programmer, de- 

signed to provide a connecting link between an analog computer and the Console Record- 

ing System. Shown mounted at the top rear of the Console, the Programmer operates 

the Console in the following automatic sequence: turns recorder drive on—feeds calibra- 

tion signals to all channels — reads initial DC levels of computer—closes contacts to start 

computer problem — records computer output for a preset chart length—turns off recorder 
drive and resets itself for another cycle. 


SANBORN COMPANY 


INDUSTRIAL DIVISION 


175 Wyman Street, Waltham 54, Massachusetts 
Visit Sanborn Booths 1318-1320, ISA Show, Cleveland, Ohio, September 9-13, 1957 
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SPECIFIED INDUSTRY-WIDE FOR as 
OUTSTANDING DEPENDABILITY... <.< /-) 


= / | 


Jd 


(ORL 
4) L RESISTORS. ~*= 


and 


RHEOSTATS 


Offering Designers and Engineers Electrical and 
Mechanical Advantages of Proven Dependability 


H-H Rheostats are designed for top performance and H-H rugged Gray Line Resistors meet all requirements 
long life in military and commercial apphcations for continuous, heavy duty commercial applications 


* Smooth, long-life * Non-crazing, high 
mechanical action temperature coating 
* Permanent, positive * Maximum immunity 
’ ~ electrical contact to humidity, salt spray 
ot 


Constant pressure Stronger core affords 
contact arm adjusts extra dependability 
tension for complete under extreme operat- 
continuous contact, ing conditions. All wire 
eliminates backlash, connections on H-H 
prevents binding. High Long Life Resistors 
temperature gray vitre- ‘feature all welded con- 
Ous enamel coating in- : — struction. The fixed, 
creases Safety by its : ferrule and adjustable 
ability to withstand types meet MIL-R-26 
overload. specifications. 


H-H Bb 


~\ 


1 £2 


H-H Blue Ribbon Resistors provide higher wattage 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 


temperature, vitreous enamel, crazeless coating 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 
resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof. 


Illustrated catalogs available on 
H-H Resistors and Rheostats include 
helpful engineering and installation 

data. Call or write for copies, now! 
Standard stock items available for 
immediate delivery from authorized oy 


local electronic parts distributors 


DESIGNED 

TO MEET MIL-R-26 

SPECIFICATIONS! bs . : 
Ne The Mark of Quality 


Since 1924 
49 HERMON ST., NEWARK 5. NJ... USA. 
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New MTB unit ... Type C Hipersil core gives 
unit superior performance; up to one-third smaller 
for minimum panel space; optional Add-A-Part 
fuse blocks and breakers reduce your transformer 
inventories. 


NEW MTB TRANSFORMER 
... BETTERS NEMA REGULATION 


Here is a new high inelectrical performance for trans- 
formers used on machine tools and electrical controls. 

The new Westinghouse MTB transformer has 30% 
better regulation than the NEMA standard. This 
means that you can use a lower rated Westinghouse 
transformer—a smaller, more compact transformer. 

This performance is attained—in the 14 through 
114-kvaratings—with Westinghouse Type C Hipersil® 
cores. The high permeability of Hipersil permits 
operation at higher flux density and means fewer coil 
turns and smaller coils. 

Coils are made with famous Bondar* coated 
wire—the Westinghouse insulation with a life 


you CAN BE SURE...iF its Westinghouse 
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STANDARDS BY 30% 


expectancy of more than three times that of conven- 
tional insulation. 

And for more design flexibility—the new Add-A- 
Part feature. In ratings .075 to 1.5 kva, separate 
fuse blocks may be mounted. For transformers from 
1.0 to 1.5 kva, a Quicklag® circuit breaker can be 
added—a Westinghouse exclusive. This Add-A-Part 
feature permits control builders to maintain lower 
transformer inventories. 

So, for the biggest saving in small transformers, 
get in touch with your Westinghouse representative 
or write Westinghouse Electric Corporation, P. O. 


Box 868, Pittsburgh 30, Pennsylvania. *Trade-Mark 


J-70801 
aS oF : 
ny \ 
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Armstrong Accopac N-820 is recommended for heavy-duty applications where 
flange pressures will be 2000 psi or more and temperatures do not exceed 250° F, 


New fiber gasket maintains bolt torque 
at temperatures up to 250° F. 


With Armstrong N-820 Accopac®, you can handle sealing 
jobs at high flange pressures even where temperatures at 
the gasket line go as high as 250° F.—conditions under 
which ordinary plant-fiber gaskets would permit serious 


loss of bolt torque. 
Field experience with N-820 Accopac shows that it has 


—- 


+ —+— 


} } z = ‘ 
| | | 
eT | + +—— 
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400 00 1 


6,000 8 


2,000 00 


LOAD IN PSI 
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a maximum torque loss of 10-15°¢. This unusual perform- 
ance often eliminates the need for re-torquing bolts in order 
to maintain the desired bolt pressure. 

N-820 is made by a patented Armstrong process in 
which cellulose fibers are beater-saturated with a non- 
volatile, non-extractable latex binder. The result is a 
dense, crush-resistant material which has excellent torque- 
retention characteristics. 

For more information on N-820 Accopac, write Arm 


strong Cork Company, 7009 Ingersol St., Lancaster, Penna. 


(Arm strong ACCOPAC 


... used wherever performance counts 
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Machine shown is a standard Avey #2 
type ‘‘BMA-6”’ Drilling Machine equipped 
with a Westinghouse Life-Line ‘‘A’’ Motor. 
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drills reverse within 14 revolution 
... make 40 reversals per minute 


Westinghouse Life-Line “‘A”’ motors are used on 
Avey drills, manufactured by the Avey Drilling 
Company, Cincinnati, Ohio, for both tapping and 
drilling. Tests indicate that spindle reversals can 
be made within Y; revolution. 

For machine tool applications, such as the Avey 
BMA—6 Drill, motor performance is critical. For 
high reversal duty and the ability to withstand 
momentary overloads, nothing can surpass the 
Life-Line “‘A.”’ Superior insulation means superior 
performance—and the Life-Line “‘A”’ with Mylar 
slot cell, Bondar Wire, and Bondite Silicone im- 
pregnated varnish has the finest insulation of any 
standard motor on the market today. 

You can POWER-UP for more profitable pro- 
duction with Life-Line “A” Motors. See your local 
Westinghouse sales engineer, or write Westing- 
house Electric Corporation, P. O. Box 868, 3 
Gateway Center, Pittsburgh 30, Pennsylvania. 


you CAN BE SURE...1F iTS 


Westinghouse 
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Phenolic Shaft Types 


a 


eo 


Twist-Tab Mountings 


Switch Types 


OVER 300 BASIC TYPES... 
countless STANDARD modifications 
for TV, 


Radio, Audio, and 
Fold-Tab Instrumentation jobs. 
Mountings a 


> Printed 
a> rin 
LoPrtO iring Types 


» 4 


* 


, Hollow-Shaft Types 


Plug-in Mountings 


Multiple-Unit 
T 


a 


fi 


Midgets—for transistorized / 
equipment 


(2 Dual-Concentric 


TECH DATA ON ALL 
STANDARD TYPES & 
NEW | MODIFICATIONS. 
- Write for Bulletin 
RC-10B or see your 
local Stackpole 
representative. 


Electronic Components Division 


STACKPOLE CARBON COMPANY, 


in Canade: CANADIAN STACKPOLE LTD., 550 Evans Ave., Etobicoke, Toronto 14, Ont. 


St. Marys, Pa. 
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Another new development using 


B.EGoodrich Chemical raw materials 


oe 


The new Convair 880 jet passenger liner uses wiring made by many of the leading wire and 
cable companies. B.F.Goodrich Chemical Company supplies the Geon polyvinyl material only. 


15 MILES OF GEON HELP JET-LINER BEAT THE HEAT 


OVING East to West justa step be- 

hind the sun, this new jet passen- 
ger liner will make it from New York 
to Los Angeles in 4 hours 32 minutes. 
Hard at work inside this plane of to- 
morrow will be wire whose 15 miles 
of tough insulation is made of a unique 
new Geon polyvinyl compound. 
Why Geon Was Chosen—Geon 
8800 compound has 5 times the insu- 
lation resistance of previously avail- 
able insulations over the full operating 
temperature range. The exceptional 
heat stability of Geon 8800 provides 
the superior performance required 


B.EGoodrich 
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for jet aircraft wiring. These proper- 
ties offer advantages as well for appli- 
ances, computers, machine wiring 
and similar applications. 
How We Can Help You — Versatile 
Geon polyvinyl materials, in addition 
to providing flexible electrical insu- 
lation, are used for rigid piping and 
valves, protective coatings for steel, 
paper, upholstery. B.F.Goodrich 
Chemical supplies hundreds of types 
of resins, plastics, latices, and poly- 
blends tailored to specific uses. 

For information on applications 


write Dept. GD-5, B.F.Goodrich 
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Chemical Company, 3135 Euclid Ave., 
Cleveland 15, Ohio. Cable address: 
Goodchemco. In Canada: Kitchener, 
Ontario. 


B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON polyvinyl materials - HYCAR American rubber and latex » GOOD-RITE chemicals and plasticizers - HARMON colors 
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Syivania 
Photodiode 


Type IN77B 


... puts tinier beams 


Sylvania designs a smaller photodiode 
with improved capabilities to handle 
applications where space is limited 


5 


eal ial ceranMecminic’ 

Sylvania, leader in diode development, introduces the 
Light sensitivity of the new Sylvania photo- 1N77B, a new smaller junction photodiode with superior 
er ser power dissipation and higher temperature capabilities. 
The improved unit, with a diameter of .077 inch, is ideal 
for highly compact assemblies and other applications 
where space is at a premium. The new 1N77B, which 
replaces type 1N77A, is now available at substantially 
lower prices in volume quantities. 


The compact construction and fast response of the 
Sylvania 1N77B make it ideal for rapid, highly sensitive 
scanning and reading applications, such as in computer 
tape or punched cards readout. The new unit is also readily 


gaat 
Pel ee 


“Sylvania—synonymous 
Spectral Response of Sylvania’s new 1N77B with) Semiconductors 33 
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A fraction of an inch in diameter, new Sylvania photodiode, type 1N77B, is ideal 


for computer tape readout. It operates in the visible and infrared regions 


of light to work | 


adaptable to infrared detection and heat-seeking devices 
because it is sensitive to light wave lengths extending 
from near ultraviolet into infrared. Other applications 
for the new 1N77B include liquid level control, headlight 
and street light dimmers, intensity controls, photoelectric 
controls and motion picture sound pickup. 


Sylvania’s improved photodiode has a higher lumen 
intensity than other types and a high output impedance. 
This is especially advantageous when coupling into 
vacuum tube or grounded collector transistor circuits. 
The new units are hermetically sealed in glass with a 
built-in lens that focuses light on the sensitive portion of 
the junction. The light interruption frequency response 
of the 1N77B photodiode is flat from 300 cycles to 15 ke 
at 100 percent with 260 lumens/sq. ft.; Ry, = 110,000 
ohms, —45 v. 


Contact your Sylvania representative for further in- 
formation on the new 1N77B. 


¥SYLVANIA 


LIGHTING RADIO 
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.077 Dia. 
* 008 


Sylvania’s new photodiode, type 1N77B, 
is nearly 20 percent smaller in diameter 
than type 1N77A which it replaces 


TABLE OF RATINGS & CHARACTERISTICS 
Absolute Maximum Ratings (at 25°C): 


Power Dissipation. ........... » 4 Milliwatts 
Forward Current cseeege ee eee 


CHARACTERISTICS 


Reverse Current--Dark (Er= ~10 volts) . . . 15 ua max. 
Reverse Current—Dark (Er= -50 volts) . . . 100 ua max. 
Noise Voltage--Dark (Er= -45 volts, 
Ry = 100,000 ohms) . 15 Millivolts max, 
18.7 peak-to-peak volts—min. 
37.5 peak-to-peak volts—max, 
Typical Minimum Frequency Response. . . . 15.0 KC 


SYLVANIA ELEcTRIC Propucts INC. 
1740 Broadway, New York 19, N. Y. 


In Canada: Sylvania Electric (Canada) Ltd. 


Shell Tower Bldg., Montreal 
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LIMBERING UP LUMBER-HANDLING WITH 


<x 


by putting memory into the carriage conveyor system 
at Lutcher & Moore’s Orange, Texas Mill 


CYPAK* static controls—outliving conventional 

relays 15 times over—are now being used at Lutcher & 
Moore’s Orange, Texas Mill to control resaw conveyors on 
the lumber industry’s first aluminum log carriage. 

By putting memory into the carriage conveyor system, CYPAK 
automatically and unerringly separates waste from 

good boards, diverts slabs to the chipper, automatically 
sorts and grades, and returns boards requiring another cut 
back to the saw. Result: a faster, more efficient 

operation . . . substantial savings in materials handling . . 
greater utilization of raw materials. 

For complete information about the ways CYPAK can 
benefit you, call your Westinghouse sales engineer. 

Or, write Westinghouse Electric Corporation, 

Box 868, Pittsburgh 30, Pennsylvania. J-22063 


YOU CAN BE SURE...1F ITS 


Westinghouse 


*Trade-mark 
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SULATING TAPE 


Elongation plus 
Conformability With 
Highest Retained Dielectric! 


IRVINGTON . 
BB REMAt 


Non-woven Polyester Base, With or Without Adhesive Backing 


FIBREMAT's Low Power Factor Under Adverse 
Conditions Assures Insulation Stability 


FIBREMAT'S Basic Construction Virtually 
Eliminates Moisture Absorption 


ce iS Se Ls. xX: bd. X AN Binh Dis Me iinde M 
No tension Tension 
Tension 


Notice how stretching the woven cloth elongates the 
fibers and increases their cutting action. In contrast, 
when FIBREMAT is under elongation it maintains its 
position relative to the insulating film, eliminating the 
disruptive forces found in woven base materials. 
*Trade Mark 


@ Why does this new development, another ‘‘first’’ 
from Irvington, offer you so many advantages? Be- 
cause its non-woven polyester fiber base lets you 
stretch the tape to suit your needs with no fear of 
rupturing the varnish coating with consequent dielec- 
tric loss. This discontinuous maze of polyester fibers 
also acts as a moisture-proof shield, safeguarding the 
unique electrical properties inherent in FIBREMAT, 
even under severe moisture conditions. Only FIBRE- 
MAT pledges this exclusive protection! 


In addition, FIBREMAT’s non-woven base assures in- 
comparable conformability, which permits faster 
winding, easier handling, better appearance. 


Ask your 3M salesman to demonstrate how FIBREMAT 
outperforms any product you've ever used... how it’s 
just another of 1001 reasons why 


IRVINGTON MEANS INSULATION INSURANCE 


Irvington Division, 
Minnesota Mining & Mfg. Co. 
9 Argyle Terrace, Irvington 11, N. J. 


Please send me full technical data on Irving- 
ton FIBREMAT. 


Name 


lam —— __of the company 
(TITLE) 
indicated on this letterhead. 





ee! 


RVINGTON ™= 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
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MAKE IT OF ALCOA ALUMINUM BECAUSE... 
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\luminum busway systems offer an 

efficient, economical, flexible way to 

deliver current requirements. 
In addition to excellence as a con- 
ductor, aluminum is easy to form corrosion and wear resistance make 
and inexpensive. Note edgewise aluminum the natural choice for 
bends in this switchgear bus. overhead crane collector rails. 

THESE PRODUCTS acai a 


Good conductivity, high strength, 


TAKE ADVANTAGE OF 
ALUMINUM’S CONDUCTIVITY: 





= 
Zz 
— 


WAVWLWAN 


The favorable economies alumi- 
num introduced to transmission 
and distribution bring it into use 
as transformer windings. 
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In fractional horsepower mo- 
tors, aluminum continues to replace 
other heavier, more expensive con- 


ductors. 


Circle 


Aluminum can be used for every type of conductor 
application. Aluminum alloys are available with me- 
chanical properties to meet every electrical requirement. 
The conductivity of an aluminum alloy is determined 
largely by its chemical composition and by the physical 
state of the alloying elements it contains. Pure alumi- 
num has a conductivity of about 65 per cent IACS. 
Alcoa” Aluminum alloys are offered in a full range of 
electrical and mechanical properties. Alcoa’s constant 
quality control protects the standards of conductivity 
required for every application. 

Aluminum is an excellent conductor for both high- 
voltage and high-current loads. It is nonmagnetic, has 
good thermal conductivity, is light weight, easily fabri- 
cated and is far less expensive than other conductors. 

Today, you will find aluminum in use in every type 
of industrial and domestic electrical application. Its 
economic advantages are being more widely recognized 
and utilized. High and low-voltage overhead power 
lines, automotive coils and generators, busways, trans- 
formers and small motors all absorb an ever-growing 
volume of aluminum. 

Alcoa wants to help you take advantage of alumi- 
num’s conductivity in the products you design and 
build There’s an Alcoa sales engineer near you who can 
offer competent advice. Look in the Yellow Pages of 
your telephone book, under “‘Aluminum,”’ or write to 
Aluminum Company of America, 2315-J Alcoa Build- 
ing, Pittsburgh 19, Pennsylvania. 


Your Guide to the Best 
in Aluminum Value 





ae 
THE ALCOA HOUR 
7 


Because of continuing recognition of 
its economies, insulated aluminum 
power cable is carrying a greater 
portion of the power load every year. 
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ELECTRO-SNAP ENGINEERING CAN HELP YOU 


MINIATURES 


DESIGNATION E4 


SPST 
NO 


CIRCUIT ARRANGEMENTS SPDT 


BASICS 


SPDT 
2 Ckt. 


SPST SPST SPDT 





AMPS-LIFE @ 125/250 V. AC 2.5A—150,000 CYLS. 
2.5A—50,000 CYLS. 
—65° TO +250° F.* 

005 Ibs. 
27/32 X 23/64 X 0.260 


AMPS-LIFE @ 30 V. DC IND. 





TEMPERATURE RANGE 





WEIGHT 
SIZE (INCHES) 


COMMENTS Vibration/shock resistant, precise 


operation. 


MINIATURES 


se 


DESIGNATION EF 


SPST 
NO 


2.5A—150,000 
2.5A—50,000 


CIRCUIT ARRANGEMENTS 


AMPS-LIFE @ 125/250 V. AC 
AMPS-LIFE @ 30 V. DC IND. 





NC NO 
10A—750,000 
10A—200,000 
—100° TO +375° F.* 
10 GRAMS 


MULTI-POLE 


~ DPDT DPDT 
NC NO 


15A—500,000 
10A—500,000 

—100° TO +375° F.* 
15 GRAMS 


~ DPDT 
4 Ckt. 





1-1/4 X 1/2 X 1/2 
To 10,000,000 Ops. @ 1 Amp, 125 
Vv. AC. 


BASICS 


SPST 
NO 


40A—100,000 
30A—100,000 





TEMPERATURE RANGE —65° TO +180° F 





—65° TO + 300° F.* 





WEIGHT 


SIZE (INCHES) 


1 OZ. APPROX. 


COMMENTS Sealed against dust, 


dirt, moisture, 
and corrosion. 


19/32 X 15/16 X 11/32 


20 GRAMS 
1-3/4 X 43/64 X 35/64 


Unusual space/capacity achievement; 
long life; can be ganged. 


* OTHER MODELS AVAILABLE IN TEMP. RANGES FROM —100° TO + 400° F. 


Yeed a Special Suiteh? 


Often, a standard or modified-standard 
switch will do your job. But Electro- 
Snap engineers are ready to create truly 
unique switches in any quantity to your 
specifications. Send us your - problem 
- + « OUFr answers can save you time 
and money. 
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7/8 X 1-1/4 X 1/2 


Simultaneous operation; 


poles may 
have different voltages. 


MULTI-POLE 


K3 


TPST 
NC 


15A—500,000 
10A—500,000 
—100° TO +275° F.* 
30 GRAMS APPROX. 
1-15/16 X 1-1/4 X 491 





Reverses 3 ph. motors to 1 HP. Simul- 
taneous make & break. Excellent life. 


ELECTRO-SNAP 


SWITCH 
& MEG. CO. 


4238 W. Lake Street 
Chicago 24, Illinois 
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JOIN WITH 


TAKE TWENTY 
BULLETIN 20 tells you why high 
strength, speed and economy 
are inherent in EAsSy- FLO 
brazing. Also gives Handy in- 
formation about joint design 
and fast brazing methods. We’ll 
be pleased to send you a copy. 
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PERMANENT PROFIT 


EASY-FLO B ‘azing Simplifies Multiple 


Joint Design and Production 


Silver brazing with EASY-FLO makes possible simplicity of design and 
assembly, often abolishing machining operations like stamping, riveting, 
staking and threading. You see here some of a large variety of brass con- 
nectors for radar equipment, manufactured by the King Electronics 
Company, Incorporated, Tuckahoe, New York. All must meet rigid per- 
formance requirements which in turn, establish equally exacting pro- 
duction specifications. 


Many different types of joints are involved. Prime performance require- 
ment of these connectors is unimpaired electrical conductivity, for they 
must in no way impede the current flow of the wires they house. All 
must be 100% moistureproof and gasproof, have high mechanical strength 
and take uniform plating without prior finishing. Joined connectors 
must be perfectly aligned and undistorted. 


Each of these requirements is fully met by Handy & Harman silver alloy 
brazing with EAsy-FLo 45 and HANDY FLUX at considerable savings in 
money and time. Savings that warrant your attention, whatever your 
product or production methods. Our experience proves that savings 
through silver alloy brazing can be enjoyed by many manufacturers of 
many different products in a host of industries. This ‘‘King Connector’’ 
story is but one example of how silver alloy brazing meets the needs of 
one product from start to finish. 


It is worth thinking about— worth getting in touch with Handy & Harman 
to find out. We will work with you all the way. 


Source of Supply and Authority on Silver Brazing Alloys 


OFFICES ond PLANTS 
BRIDGEPORT, CONN 


PROVIDENCE. #1 
HANDY se 


CLEVELAND, OHIO 
OETROIT, mICH 
General Offices: 82 Fulton St., New York 38, N. Y. tos ancetes, cai 
TORONTO, CANADA 


DISTRIBUTORS IN PRINCIPAL CITIES MONTREAL, CANADA 
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immediate shipment... PT ratings 


General Electric 7/3) CLAD | 


REG US. PAT_OFF 


OW UP 


DRIPPROOF 





Motors in New NEMA Ratings 


YEARS AHEAD BENEFITS 


DESIGNED TO CUT COSTS —Up to 32% 
lighter and 50% smaller, new NEMA rated 
Tri-Clad ‘55’ motors offer big savings on 
shipping, handling and storage costs. These 
more powerful, more compact motors permit 
big space savings on many machine designs. 


DESIGNED FOR EASY HANDLING Sturdy, 
forged eye bolts are supplied with new Tri- 
Clad ‘55’ motors in larger ratings to permit 
easier motor handling. Provision for plenty of 
“wrench room" between motor feet and end 
shields cuts Tri-Clad ‘55‘ motor mounting time. 


DESIGNED FOR EASY INSTALLATION 

Perma-numbered leads simplify wiring and 
speed motor hook-up. Numbers are stamped 
on terminals and printed on every half inch of 
the Geoprene 8) lead covering. Leads are al- 
ways identifiable even when taped or clipped 


FOR COMPLETE INFORMATION 


FOR COMPLETE DETAILS on the new line of 
Tri-Clad ‘55’ motors up to 125 hp, contact 
your local G-E motor distributor or the sales 
engineer at your nearby General Electric 
Apparatus Sales Office. You will get expert 
assistance in selecting and applying the right 
motor for your particular application. 

FOR FREE SLIDE RULE—which lets you deter 
mine at a glance the weight and space-saving 
benefits of recently announced NEMA stand- 
ards for larger motors—and for informative, 
free General Electric Tri-Clad ‘55’ motor 
bulletin, please send attached coupon. 


Section 891-6A 
GENERAL ELECTRIC COMPANY 
Schenectady 5, New York 


Piease send me the following publications: 


() FREE BULLETIN (GEA-6602) describing the many advanced features of new 
Tri-Clad ‘55‘ motors up to 125 hp. 


() FREE SLIDE RULE (GEN-1 48) to determine weight and space-saving benefits 
of new Tri-Ciad ‘55’ motors. 


NAME_ 

TITLE__ 

COMPANY 

ADDRESS __ 

CITY & STATE. 
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Progress /s Our Most /mportant Product 


GENERAL €@ ELECTRIC 
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High Resolution 
Double Pulse 
Generators 


Jrom Beckman: 


Berkeley 


..- For multi-purpose laboratory use 


For seven years Beckman/Berkeley double 
pulse generators have played an important 
part in the designing and testing of pulse 
circuitry wherever pulse techniques are 
studied. Basically, these are general purpose 
laboratory instruments that provide a source 
of ‘‘clean"’ paired or single pulses. Both 
instruments feature independent adjustment 
of pulse width, pulse amplitude, pulse to 
pulse spacing, pulse polarity and repetition 
rate. Unusually low interaction between 

—— control functions is achieved by careful 
MODEL 4904 ere a * design and by operating all circuitry from 
precision-regulated supply voltages. 


SN iy 


PULSE WIDTH OF BOTH 
PULSES, VARIABLE 
015-> 18SEC 


PULSE DIMENSIONS FOR MODEL 903 (POSITIVE OR NEGATIVE) as shown. 


APPLICATIONS: Measurement of paired pulse resolution time 
of counting circuits. Measurement of rise time, decay time and 
transient response of pulse forming circuits, electronic switches, 
gates and wide band amplifiers. Calibration of input sensitivity of 
counting instruments. Frequency calibration of counting rate meters. 
Measurements of overload characteristics and dynamic range of pulse 
amplifiers. Delayed coincidence work. 


MODEL 903 


SPECIFICATIONS MODEL 903 MODEL 4904 


PULSE WIDTH 0.15 to 1.8 uw sec 0.3 to 10 uw sec 


MAXIMUM PULSE 200 volts negative 50 volts positive across 160 volts negative and 75 voits positive 
AMPLITUDE 1000 ohm load. 10 volts negative and 2.5 across a 1000 ohm load. 5 volts negative 

volts positive across a 50 ohm load and 2 volts positive across a 50 ohm load 
RISE TIME 0.035 « sec 0.08 » sec 


DECAY TIME 0.15 y sec 0.26 x sec. 


PULSE POLARITY positive or negative positive or negative 


PULSE SPACING 0 to 10 « sec. Single control 0 to 100 uw sec. Coarse and fine adjustments 


(accuracy +2%) 
1 to 10,000 cps. 


1 to 10,000 cps by sine wave 3 volts rms, 
pm sec, or positive pulse 7.5 volts and 1 yw sec. 
duration 


INTERNAL DRIVE 1 to 1000 cps 
EXTERNAL DRIVE 1 to 1000 cps by negative 100 voit pulse 
with 0.5 uw sec. rise time and 2 
duration 

OSCILLOSCOPE SYNC. 30 volt positive pulse 1 yw sec. before 


30 volt negative pulse 5 uw sec. before 
first pulse 


first pulse 


PRICE (f.0.b. factory $498.00 $645.00 


a TN IE LS AI IIT 


e 
Write for complete specifications on the Models 903 and 4904 Beckm ad n . as kes ah 
Double Pulse Generators. Please Address Dep't. R-9 Berkeley Division 
2200 Wright Avenue, Richmond 3, California 
*Trademark a division of Beckman Instruments, Inc. 
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General Plate Stainless Clad Copper 
Enables Griscom-Russell K-Fins 


To Meet 2600°F Operating Conditions 


Two metals are often better than 
one, and here’s a case in point... 

In Griscom-Russell’s K-Fin tub- 
ing for high temperature gas to 
liquid heat exchangers, General 
Plate Stainless Clad Copper re- 
duces fin tip temperatures 29% 
(2090°F to 1475°F) with nearly 
twice the heat transfer rate of un- 
clad stainless. 


SEPTEMBEF 


Benefits? Fin tip temperatures 
in G. R. K-Fin run well below the 
oxidation point 
extended 


fin life is greatly 
heat exchanger per- 
formanceis improved substantially 

with worth while economies in 
design. 

G. P. Stainless Clad Copper is 
available in widths up to 13” and 
thicknesses up to Ye", single or 


METALS « CONTROLS 


General Plate Division 


FIELD OFFICES: NEW YORK HICAGO, DE 
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double clad, in long lengths. It can 
be blanked, drawn, spun, formed, 
brazed, and spot or seam welded. 

Let us send complete informa- 
tion on G. P. Stainless Clad Cop- 
per it may be just what you 
have been looking for. Write today 
for Catalog Sheet 727C. 

You can profit by using General 
Plate Clad Metals. 


CORPORATION 


1909 Forest Street, Attleboro, Mass. 


T. MILWAUKEE OS ANGELE 





SHORTER “THINK-TIME” FOR UNIVAC COMPUTER 
WITH WARNER ELECTRIC BRAKES AND CLUTCHES 


New “SF” and “RF” units easily integrated 
into complex control circuit... simple 
design an important factor 


How can an electronic brain be made to think faster? 
Remington Rand Division of Sperry Rand Corporation 
found that Warner Electric Brakes and Clutches definitely 
speeded up the operation of the UNIVAC 60-120 Elec- 
tronic Computer. Their simple, rugged design reduced 
maintenance as well—another important salability factor 
of complicated computing machines. 

The UNIVAC 60-120 is a two-element automatic arith- 
metical computer. One element rapidly and continuously 
“reads” data from punched cards, transmits problems to 
the other—computing—element, and records the answers 
by punching them into the cards. The electric brakes and 
clutches control automatic start-stop cycle of the sensing 
and punching element between operations. Positive 20- 
millisecond stops are accomplished by the RF-250 brake. 
Compact three-part design was important in the selection 
of the Warner units, which consist only of a magnetic field, 
an armature, and a replaceable face or rotor. Torque is easily 
controlled, and adjustment is never necessary. 

Warner Electric Brakes and Clutches offer split-second 
operation and precise control for automatic cycling, index- 
ing, positioning, starting, and stopping. Specify them on 
small machines, instruments, and servo drives. Give your 
machines the control advances your customers want. Now, 
available in capacities ranging from 125 to 700 ft lb, maxi- 
mum static torque ratings. 


EASILY SOLVE POWER PROBLEMS LIKE THESE 


Clutch-coupling for packaging machine 


—Stationary field clutch serves as revolution- 
counting device for filling mechanism. Armature 
is keyed to spring-loaded counter arm that 
rotates through arc to contact limit switch. Rotor 
is keyed to shaft coupled through gearing to 
auger drive shaft. Auger drive clutch and counter 
clutch are energized simultaneously. When arm 
contacts switch, clutches are de-energized and 
brake is energized to stop auger drive shaft. 


Clutch for power steering unit on the tail 
wheel of an airplane. Stationary field unit with 
the rotor keyed to shaft of drive motor, armature 
keyed to output shaft to rotary actuator. Ener- 
gizing clutch couples drive motor to output shaft 
to rotary actuator which turns tail wheel in phase 
with the rudder. When wheel swivels in phase 
with the rudder, pilot can taxi plane in the direc- 
tion he wants, regardless of mud or snow on 
landing strip. 


Clutch-coupling for tapping machine— 
Two stationary field bearing-mounted clutches 
on lead screw give downfeed and reversing 
drive with continuous-running, nonreversing motor. 
For downfeed, armature is keyed to motor drive 
shaft, rotor mounted on lead screw drive shaft, 
field mounted on bracket. For reversing, arma- 
ture is bearing-mounted to sheave driven by 
vee-belt from idler pulley, rotor keyed to lead 
screw drive shaft and field mounted on bracket. 





Fast, smooth-functioning 
Warner Electric Brake and 
Clutch reduce time losses 


between steps and calculations, 


Tipmaster clutch-coupling for office ma- 
chine—The field of SF-250 electric clutch is 
bearing-mounted to drive shaft, and the rotor is 
keyed to drive shaft. The armature transmits 
power to the driven shaft by means of a splined 
hub. Motor runs continuously and the clutch-coup- 
ling engages power to driven shaft until the limit 
switch opens the clutch circuit and de-energizes 
coil. Simple design cuts assembly time 60 
per cent, 


Circle *154 on page 


Each cycle of the sensing and punching element is started and 
stopped electrically. A drive belt from a one-third horsepower 
electric motor is geared to the shaft on which the Warner units 
are mounted. The masses of connecting wires visible here give 
an idea of the extreme complication of the processes syn- 
chronized through Warner's fast starts and 20-millisecond stops. 


Beat compe 
ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept. EM, Beloit, Wisconsin 


Please send me copy of your new 
Condensed Catalog No. 6212. 


Name 
Company 
Address 


City 





Does A Big Job 


Takes Less Space 


AN AAA PA AARAA AN A RRAAARAA RA VW AV VW AWW QWRA RANA, 


by Westinghouse 


Small, versatile, amazingly rugged, this new 


~~ CAA ANRATB™ 
RAAAAARAAAABRAAAA PPV VVVVVRVARABPALAAA 


Westinghouse 10-amp relay is designed for long 
life and high reliability. The relay user who 
has space problems .. . wants a lot of relay in 
minimum mounting space finds Type Z ideally 
suited. Type Z meets U. L. Standards 

for 300 volts, is equipped with double-pole 
double-throw contacts of fine silver. Coil 

and core are interchangeable for 

a-c or d-c operation. An ideal relay for 
auxiliary multiple-circuit switching of light 
loads, small motors or for operating 


larger contactors or starters. J-30262-A 


you CAN BE SURE...1F ITS 


Westinghouse 


Nylon armature insulating plate 


Encapsulated removable coils 


fraanrnani f 


Firm contact pressure, low resistance 
~~ 


~ 
LP RAA DA RADA AAA ARAN RANA AAR RRA VR RRA AALS 
~ 
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For when it comes to Roebling Magnet 


( EF Ol ] \ | LTY Wire, quality means unsurpassed ingredi 


ents of consistent ex¢ ellenc e...Wwire-makir g 
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skill based on decades of ¢ xperience 
exacting testing and inspection 


You pay no more tor Roel 


Wire—vyou get more in terms of satist ‘ ROE BLERIcG ér 


performance. And you choos« k a 


Branch es in Principal Citie = 
that wil five you utmost ( \ nd Subsidior f The rado Fuel ond Iror rporatior i 





NEW 
KLIXON C9178 
Rotary Hermetic Switch 


Gives you environment-free 
Precision Switching 


The new KLIXON C9178 rotary hermetic switch is designed 
for such precision applications as aircraft landing gear controls, 
guided missile launchers, radar equipment, engine controls and 
industrial equipment. 

A double-pole, double-throw rotary assembly, the C9178, has 
two MS24456 Type hermetically sealed switches enclosed in a 
steel case to withstand heavy impact and compression loads. 
The model illustrated has 360° continuous rotation and is de- 
signed for positive drive in both clockwise and counter-clock- 
wise directions. Other units are available with limited rotation 
and or spring return. All models can be provided with connec- 
tors, potted leads and actuator arms designed to your particular 
specifications. 

Technical data sheets on the C9178 and many other types of 
hermetic and sensitive switches are 


FEATURES 


of the 


c97178 Include: 


@ Completely Environment-Free— 


basic switches have metal-to-metal, 
glass-to-metal seals. 

Simultaneity — Within 112° of 
rotation. 

Excellent Shock and Vibration 
Resistance — shock 50 G's mini- 
mum... vibration of 40 G's, 0-500 
cps, per Procedure |, MIL-E-5272A. 
High Current Capacity — 10 am- 
peres resistive, 30 volts DC, 115 volts 
AC. 

Minimum Size — envelope measures 
1 20/32" x 1 15/32" x 1 1/32". 


Immunity of Ambient Tempera- 
ture — can be used in ambients from 


—65°F to +275°F. 


available. Write for PRSW Catalog. METALS g CONTROLS i CORPORATION 


Spencer Thermostat Division 


3609 Forest Street, Attleboro, Mass. 


KLIxoN 
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Symbolic Logic and Boolean Algebra 


OUR REFRESHER COURSE in calculus in May ELECTRICAL 
MANUFACTURING proved to be a boon to readers, young 
and we presume especially old. The rise in interest in 
mathematical analysis can be traced largely to the mili- 
tary development effort with its heavy emphasis on com- 
puters and servomechanisms. now being carried over into 
complex machine tool controls. In the latter category, 
numerical control is the popular phrase used to describe 
automatic programming of production machinery where 
the input data art translated from the dimensional draw- 
ing into electrical signals fed from punched card. punched 
tape. or magnetic tape. Some of the underlying theory of 
numerical control was presented last year in an article 
on “Digital Codes.” In this issue there is a more funda- 
mental review of numerical systems in general. 

For the past two years an occasional piece has appeared 
in our pages on Boolean algebra and each time has elic- 
ited a large amount of reader interest. During the same 
period developments in static control systems have been 
reported. and in our July 1957 issue a detailed case his- 
tory Was expounded to illustrate how static control cir- 
cuits could be designed using Boolean algebra. Essentially 
we had published in the raw the worksheets of engineers 
who had used these analytical techniques to design a 
program control for a plastics molding press. 

Static controls deal with “logic” functions. the origin 
of which was not too clear until we began to do a little 
background reading that led to the following observa- 
tions: If you go back far enough, the mathematicians were 
philosophers Aristotle and Pythagoras, 
who incidentally coined the word “Philosophia” (love of 
wisdom 


starting with 


The philosophers were concerned among othe 
things with the science of reasoning, called logic. Logic 
also covers methods and principles used in distinguishing 
correct from incorrect argument and is the basis of the 
scientific method. Logic is also the basis of inductive 
reasoning, popularized by A. Conan Doyle in his famous 
Sherlock Holmes characterization. 

Symbolic logic is an invention of the 19th Century. 
John Stuart Mill was one of the first to reduce inductive 
procedures to symbolic or algebraic form using letter 
symbols and employing tables and graphs to show the 
relation of categorical syllogisms. “Truth Tables” were 
devised to show graphically the truth or falsity of the 
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logical statements, almost by observation. George Boole, 
the Enelish 
founder of modern symbolic logic and the creator of 
Boolean algebra (“The Mathematical Analysis of Logic” 
1847). 

These techniques were philosophical abstractions until 
about twenty years ago. In 1936. Edmund C. Berkeley, 
\merican mathematician, applied Boolean algebra to an 


mathematician and logician, is another 


analysis of life insurance premium payments. Two years 
later. Claude E. Shannon, now of the Bell Telephone 
Laboratories. described in an AIEE pape! “A Symbolic 
Analysis of Relay and Switching Circuits.” Because relay 
contacts can only be open ol! closed. a relay network is 
similar to a proposition in logic which is either true or 
false. Symbolic logic lent itself readily to analysis of 
digital computer circuits which invoive two-valued devices 
expressed as 0 or | in binary code. 

ELECTRICAL MANUFACTURING first became interested 
in computer techniques when they came into the con- 
trol picture. In 1954 an article was presented out- 
lining digital techniques for automatic control in which 
logic functions were employed, but not so named. We did 
not really pick up our editorial ears until static control 
devices appeared on the scene in 1955, designed spe- 
cifically around logic functions. borrowed directly from 
the computer circuit designers and using Boolean termi- 
nology. 

For -practical background on symbolic logic and 
Boolean algebra we refer our readers to textbooks on 
telephone switching circuits and to articles and papers 
on computer techniques. For a theoretical grounding get 
yourself a textbook on symbolic logic probably written 
by a professor of philosophy, also a late text on modern 
mathematics. Mathematics and logic are both sciences 
that are elements of philosophy, which seeks ultimate 
causes of anything. Books on logic deal in syllogisms, 
deductive and inductive reasoning. and fallacies. as well 
as Boolean algebra. At least one of them ends with a 
chapter on probability, a mathematical concept. One 
modern text on principles of mathematics starts out with 
a chapter on logic and ends with a chapter on probability 
(and statistics). You draw your own conclusion. It is 
truly amazing how common are the basic roots of phi- 


losophy, science and engineering. 


Editor 





Effects of Nuclear Radiation 
on Electronic Components 


from a 


Experimental results research 
project sponsored by the Air Force gives 
detailed data on capacitors, resistors and 


Wide 


effects was noted in components of same 


other components. variation in 


JAN type made by different manufac- 


turers. 


R. D. SHELTON, Engineering Department 
ADMIRAL CORPORATION 
Chicago, Illinois 


\ VARIETY OF ELECTRONIC COMPONENTS has been oper- 
ated and tested in gamma and neutron fields. ‘This 
research was supported by the U. S. Air Force through 
the Electronics Components Laboratory of Wright Air 
Development Center. The objective was a general survey 
of the problem of operating standard electronic com- 
ponents in radiation fields. The components tested in- 


cluded 


tubes, semiconductor diodes, and printed circuit boards. 


insulated wires, resistors, capacitors, electron 
Most of the testing was performed in the CP-5 reactor 
of Argonne National Laboratory. Two other facilities 
became available recently: the Materials Testing Reactor 
of Arco, Idaho, and a 20,000-Curie gamma source of 
Cobalt 60. 

The radiation environment varied considerably, but a 
typical environment provided by the CP-5 was 2 x 10° 
roentgens/hr of gamma radiation, 2 x 10° epi-cadmium 
neutrons (cm* sec) and 10'* thermal neutrons/ (cm* sec ) 

Irradiation of the components continued until either 
the components failed or an integrated thermal neutron 
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flux of 10'S neutrons/em*? was reached. The time of 
irradiation for components which did not fail was 
approximately one week. The temperature during irradi- 
ation varied between 50 C and 150 C, depending on the 
irradiation facility used, the type and amount of cooling, 
the reactor power, and the energy dissipation of the 
component under test. 


Interaction of Radiation with Matter 

Before going into the detailed experimental results 
we will review briefly the mechanisms by which neutrons 
and gammas affect the operation of electronic compon- 
ents. Both neutrons and gammas result in ionization and 
atomic displacements, but we know that certain chemical 
dosimeters make use of the fact that the effects of the 
two radiations are different. 

Gamma radiation. Gamma rays are composed of quanta 
of electromagnetic energy, sometimes called photons. 
which behave very much as particles. The gamma pho- 
tons in the CP-5 reactor probably have an energy range 
of 0.1 mev to 10 mev. with an average energy in the 
neighborhood of 1.0 mev. The gamma photons interact 
with matter by Compton collisions, photoelectric emis- 
sion, or pair production. In all cases there is a produc- 
tion of energetic electrons which, in subsequent collisions. 
lose their energy by displacing more electrons and some- 
times atoms. The loss of an electron leaves the atom 
in an ionized or excited state so that it can migrate in 
applied electric fields or take part in chemical reactions. 
Molecules may become dissociated by collision excita- 
tions or by losing an electron essential to the chemical 
bond, 

Veutrons. Neutrons collide with nuclei. thereby losing 
energy until captured by a nucleus. If the neutron is 
energetic, the nucleus may be displaced violently, leav- 
ing a short, highly ionized trail. In the process, molecules 
are disrupted, atoms are displaced, and there is a volume 
of intense ionization. The capture of a neutron by an 
atom may result in a gamma emission and a stable 
nucleus, or it may result in a fission or a radioactive 
nucleus. The radioactive nuclei may emit betas, which 
do not travel far from the point of creation, or gammas. 
which create handling problems. In general, however. 
thermal neutrons are not considered in damage studies 
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because they are easily shielded against and because 


they produce damage only in certain isolated cases. 


Experimental Data 


In preparing the list of components to be tested, an 
attempt was made to choose representative samples. For 
example, the resistors tested included composition, wire- 
wound and various film resistors. Several resistance 
values for each type of resistor were supplied by leading 
manufacturers. 

In general, the components were operated and tested 
according to military specifications. A typical test sample 
was composed of 24 components, all satisfying the same 
electronic specifications but not necessarily supplied by 
the same manufacturer. The sample was divided into 
four identical groups of six each: 

1. The control group provided a check throughout 

the testing on such factors as instrument and 
experimental error, component aging. temperature 
effects, and any other variable that might enter 
the experiments. 
The active group was operated and tested during 
irradiation and was compared with the passive 
group to determine if operation of the component 
affected its resistance to radiation. 
The passive group was irradiated but not operated. 


The special group is held in abeyance until the 


completion of the tests on the other three groups. 
at which time the accumulated information will be 
used to plan a final experiment that will provide 
a maximum of useful information. 

Throughout the graphs and tables, the following no- 
tation will be used to describe the radiation environ- 
ment: (nv);, is the thermal neutron flux in units of 
neutrons/(cm’sec), (nv). is the epi-cadmium neutron 
flux in neutrons/(cm*sec), 
rate in roentgens/hr. 


Wire and Insulation 


Perhaps the most universally used component in 
electronics is coppel wire covered with some form of 
insulation. There have been extensive studies of damage 
to insulating materials in radiation fields (J, 2)* and 
of the changes in the physical properties of metals 
during neutron bombardment. (3) In general, the insula- 
tion is expected to deteriorate long before the metal is 
affected appreciably, so that the study of radiation 
damage to wires and connecting cables is essentially a 
study of insulation damage. 

Insulating materials in general exhibit a decrease in 
resistance with an in increase in the intensity of the radia- 
tion field. (4) The increase in conductivity in insulators 
and dielectrics is associated with carrier production in 
the material. In the case of insulated wires, the ionization 
of the air in the radiation field permits small currents 
wherever an electric field exists. 

The d-c leakage, capacitance, and dissipation factor 
for wire pairs were measured during irradiation in the 
CP-5 reactor. Some of the results are given in Figs. 
1. 2 and 3. As shown in Fig. 1, the d-c resistance between 
an insulated wire and a drum on which the wire is 
wound is definitely a function of reactor power. The 
change of resistance which occurs when the reactor is 


numerals in parentheses apply to Cited References at end of article 
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and D is the gamma dose 


Fig. 1—-Effect of reactor radiation on the leakage resistance of 
polyethylene-insulated copper wire. 


Fig. 2—Effect of reactor radiation on dissipation factor of 
polyethylene-insulated wire. 


down is associated with the decav of the after-shutdown 


gamma radiation. The dissipation factor, as shown in 


Fig. 2, is a function of the radiation field intensity. 
whereas the capacitance (Fig. 3) appears to be insensi 


tive to the radiation intensity. 


Fig. 3—Reactor radiation effect on capacitance between poly- 


ethylene-insulated wire and a drum on which it is wound. 





Table I—Composition Resistors Average Per cent 
Change in Resistance During Irradiation 


Manu- 
facturer 


Average per cent 


Resistor type change 


RC20BF101J 


8 
B 
Cc 


RC20BF105J 


RC20BF102) 


RC20BF1245 


RC32GF101J 
RC32GF102) 
RC32GF105J 


RC32GF124) 


Table Il—Ceramic Capacitors Average Per cent 
Change in Capacitance During Irradiaticn* 


Average per cent 
change of 
capacitance 


Manu- 


Capacitor type facturer 


CC25CH4305 


CC45CH2015 


CC25LH430J 


CK60Y821Z 


CK61Y152Z 


CK27W152Z 


CK37W472Z 


\s a rule. gamma fields encountered in practice are 
rather unidirectional. and the fast electrons resulting 
from gamma collisions are scattered in the forward 
direction. We would therefore. expect potential differ- 
ences to be created (5) in insulated wires by charge 
displacement due to gamma radiation. It is also to be 
expected that beta emission resulting from neutron cap- 
ture and subsequent radioactive decay can produce 
potential differences in much the same way as is done 


in the atomic battery. (6) 


Resistors 


Resistors can change in resistance value either because 
the conducting material changes or because the insulating 
cover changes. The ion field created by radiation may 
afford parallel conduction paths that reduce the value 
of the resistance by an amount that is a function of 
the intensity of the radiation field. 

Several types of resistors were tested: wirewound 
resistors of powel and precision varieties. composition 
resistors. carbon film resistors and stannic oxide film 
During the 


resistors. irradiation the 


resistance was 
measured by means of a precision Wheatstone bridge. 
The resistance to radiation varied by manufacturer and 
by resistor type. 

Wirewound resistors. This type of resistor is usually 
damaged only slightly be irradiations that would com- 


pletely destroy many other components. Many of the 
wirewound resistors are made up of nickle-chromium 
alloy wire wound on a ceramic-type base and covered 
with some insulating material. In almost all cases the 
construction materials are highly radiation resistant. The 
general trend is toward a slight increase of resistance 
during irradiation. and this increase is associated with 
atomic displacements in the wire. (7) 

Composition resistors. These resistors are made up of 
a conducting material such as carbon mixed with some 
poorly conducting ballast and covered by an insulating 
instances. the resistance changes 


material. In some 


considerably during an irradiation that would produce 
no significant change in a wirewound resistor. In_ all 
specimens tested, the resistance decreased in a rather 
uniform manner. 

\ study of the resistance changes during irradiation 
seems to support the viewpoint that the decrease in 
resistance is associated with a decrease in the resistance 
of the conducting material rather than with a deterior- 
ation of the insulating material adjacent to the conduct- 
ing portion of the resistor. One theory advanced to 
explain the change in resistance is that the recoil atoms 
in the composition material create isolated microscopic 
regions of higher conductivity. The recoil atoms severely 
agitate (or heat) the atoms in the immediate vicinity 
of the recoil (8) and. when cooling (or condensation) 
takes place, the result is a region of higher conductivity. 

\ summary of in-pile changes is given in Table I. 

Carbon film resistors. During irradiation some of the 
carbon film resistors behaved in an unusual manner: 
They exhibited an initial decrease in resistance. rather 
rapid in some cases, followed by a gradual rise in resist- 
ance to values that sometimes exceeded the initial value. 
An examination of the data indicated that the change in 
resistance was associated with changes in the conducting 
material. Some resistors were relatively insensitive to 
radiation whereas others changed considerably. 
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The initial decrease in resistance was attributed to 
the same damage mechanisms that caused the resistance 
decrease in the composition resistors. The later increase 
ie ee ‘ ; ae -60x10" 
in resistance was associated with collisions that removed @ 
-/x10 
- 0.6 «10° 


> 


conducting atoms from contact with adjacent conducting 
atoms and transported them into the insulator. The re- 
sistance changes associated with atom displacements 
should be more pronouced as the film becomes thinner 
These theories have not been rigorously examined and 
are presented here as conjectures which may be an 
explanation of the trend of the experimental data. 
Typical curves showing the behavior of carbon film 


resistors during irradiation are given in Figs. 4 and 5. 
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Stannic oxide film resistors. These resistors are made 
of a thin film of doped stannic oxide fixed onto a glass 
rod and covered with a high-grade insulation. The 
resistance increase of slightly over 4 per cent under 





| 
of 


irradiation was attributed to the collision displacement 
of atoms from the tin oxide conducting film. The curve 
of Fig. 6 is typical of the resistance change of the tin 
oxide resistor during irradiation. 


Fig. 4 Effect of reactor radiation on 1000-ohm carbon film 
resistors (Type RF50K102) 


Capacitors 

The capacitance and dissipation factor of capacitors 
were measured during the in-pile irradiation. The capaci- 
tors tested had dielectrics of mica, ceramics, glass, paper. 
and plastics. 





Except for some temperature effects, the capacitance 
varied only slightly with reactor power, but the dissipa- 


resistance 
resistors) 








tion factor was usually more sensitive. There was evidence 


of 


of gas evolution in the oil-impregnated paper capacitors 





change 
several 


of 


and dielectric deterioration of the plastics capacitors, 
some of which were much better than others. Except 


nt 





e 
ean 


for isolated cases. ceramic. mica and glass dielectrics 
appeared to be quite radiation resistant. It is only natural 


Pe 
(rm 


to expect the capacitance to decrease as the molecules 
of the dielectric are disordered and dissociated, and this 
appears to be a general rule. 

Ceramic capacitors. Ceramics in general are quite 
radiation resistant. (9) The irradiataion to an integrated 
thermal neutron flux of 10'*n cm* was not expected to <. _— 

: 3 es : ; Fig. 5—Radiation effect on 100,000-ohm carbon film resistors 
damage the dielectric. Table II is a summary of the (Type RD50K104). 
damage suffered by ceramic capacitors during standard 
irradiation in the CP-5 reactor. 

Vica capacitors. Mica capacitors underwent only small 
changes in capacitance during irradiation. The data are 
summarized in Table III. 

Glass capa iors. Glass-dielectric capacitors showed no 
apparent permanent change in dissipation factor, al- 
though there was some dependence of dissipation factor 
on reactor power. The capacitance changed by less than 


pay 
wo C 
SS 


| per cent during a standard irradiation. 
Oil-impregnated paper capacitors. This type of capaci- 


| 
[ 





tor showed capacitance and dissipation factor changes 





during the standard irradiation. In general the capaci- 
tance decreased while the dissipation factor increased, 


Resistance, kilohms 
2d 


with definite differences from one manufacturer to © -Reoctor up 





another. One of the major problems with oil-impregnated Xx -Reactor a 


capacitors is the evolution of gas which expands the | 


b 
N 
7 —O—— 
Poa 
dan kos Ss 


plates and produces distortion and rupture in hermeti- ss 


cally sealed units. Some of the capacitance decreases : 
are doubtlessly associated with expansion of the plates 
under pressure of gas evolution. 

\ summary of in-pile changes in paper capacitors is 
presented in Table IV. 


g. 6 Reactor radiation effects on stannic oxide film resistors. 
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Table Ill—Mica Capacitors Average Per cent 
Change in Capacitance During Irradiation 


Manv- 
facturer 


Average per cent 


Capacitor type change 


CM35622J 


= 
wn 


CM61B473) - 
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Plastic capacitors. Capacitors with plastics dielectrics 


followed no general pattern of radiation damage. 


\ sample plot is presented in Fig. i. 


Electron Tubes 


Electron tubes of many varieties were tested during 
irradiation in typical operating circuits, but it is impos 


sible to present a representative portion of the data 


here. However. it is possible to summarize the experi- 


mental findings in terms of the kind of failures that 


occurred, 
Unlike many other components. which undergo grad- 


ual changes over an extended period of time. electron 
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Fig. 7 Capacitance changes in plastics dielectric capacitors 


under reactor radiation (Type LS4-103). 
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tubes deteriorate rapidly soon after damage becomes 
apparent. It is not unusual to observe a tube make the 
transition from satisfactory to unsatisfactory operation 
in a matter of minutes. The usual failure is related to 
the entry of air into the tube as the envelope and seals 
deteriorate under irradiation. The problem of developing 
radiation-resistant tubes is essentially that of developing 
radiation-resistant glass. 

Many glasses contain boron, which has a large cap- 
ture cross-section for thermal and epi-thermal neutrons. 
Neutron capture by boron leads to the fission of the 
nucleus and a large release of energy by recoil fragments. 
Experiments* show that such an energy release causes 
glass to become more dense. and therefore to be subject 
to stress if the glass, for example, surrounds a tube pin. 
Another cause of glass stress is the uneven capture den- 
sity associated with flux depression in a strong absorber. 
In this case. outside layers of glass undergo a greate! 
distribution than inside layers, creating stress. 

Contrary to popular opinion. gas-filled tubes and 
ionization devices such as T-R tubes and voltage regula- 
tors are relatively insensitive to the presence of intense 
fields. The field of 


10° roentgen’ hr. for example. does not appreciably alte: 


radiation presence of a gamma 
the firing potential of a thyratron. 

All photosensitive devices are naturally sensitive to 
Cathode 


sustain a glass discoloration under continued irradiation 


gamma _ radiation. ray tubes survive well bu 

The fact that electronic tubes fail rapidly once the 
damage begins to be apparent renders a “survival table” 
useful. Accordingly. Table V has been prepared as a 
summary of the electron tube testing. For the sake of 
brevity. a complete description of the radiation field is 


omitted and only the irradiation time is given. 


Semiconductor Diodes 


The testing of semiconductor devices has not been 
extensive in scope, but one important conclusion can be 
drawn from the data: The present limitations of semi- 
conductors in radiation fields appear to be more depend- 
ent on the methods of manufacture than on the intrinsic 
properties of semiconductors. The data of Table VI is 
typical for semiconductor tests in that it shows the wide 
variations with the manufacturer. It was observed that 
although the first permitted backward 
currents greater than | milliamp in the in-pile tests. 


three diodes 
the post-irradiation tests indicated a partial recovery 
from the in-pile damages and backward currents of 1] 
milliamp or less. 

In this case, comparison of germanium and silicon 
diode data indicates that silicon is considerably more 
resistant to radiation. Other investigators feel differently. 


Printed Circuit Boards 

Aside from changes in the leakage resistance as the 
reactor power and temperature changed, the preliminary 
testing of printed circuit boards revealed nothing un- 
but more as a vehicle for the study of 
various insulating laminates such as glass-epoxy, nylon- 
phenolic, and glass-melamine. It appears that, while the 
irradiation is in progress, the leakage associated with 
ion currents in the surrounding air is considerably larger 
than the leakage through the dielectric. OO C 


usual, served 


Private Communication. Dr. W. W. Shaver, Corning Glass Co 
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Table 1V—Paper Capacitors Average Per cent Change in Table V—Survival Time for 
Capacitance and Dissipation Factor during Irradiation Electronic Tubes Operated In-Pile 


Average per cent | Average per cent Time at which 
Manu- change, change, Vacuum 50% of tubes 
Capacitor type facturer capacitance dissipation factor tubes tested failed, sec 


1AD4 Ss’ 
169.2 1Z2 Ss 
2730.0 371B 0.12 x 10 
133.3 S1P1, 7, 12 S 
4D21 1.6 x 10° 
27.5 4-65A 0.054 x 10° 
49.0 5U4 S 
56.4 583 1.1 x 10 
5718 Ss 
27.5 5820 0.5 x 10 
15.2 5896 
21.3 5902 
10.6 6AG7 
6AK5 
377.7 6AL5 
472.2 6AUBWA 
322.7 6BE6 
6080 
317.3 6198 0.012 x 10 
829-B 0.79 x 10 
263.6 


~ CP53B2EF504K 


CP63BIEF105K 


CP70EIEF106K 


—nN—rh Mr pr 


wan NoOOh NNN wWwo— 


CPO4AIEE104M 


CPO4AIEE104M 


CPO4AIEE104K 


Gas Filled 
290.0 0A2,0B2 
177.7 2D21 
350.0 3B28 
406.6 5643 


5651 
300.0 


CPO4AIKE104M 


CPO4AIKE104K 


CP53BIDF504K 15.6 
110.0 
145.2 
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Table Vi—Semiconductor Diodes Backward and Forward Resistance of 
IN21B Silicon Crystals Before and After Irradiation* 


Backward resistance at 1 volt, kilohms Forward resistance at 1 volt, ohms 
Manufacturer Pre-irradiation Post-irradiation Pre-irradiation Post-irradiation 


148. 1.00 290 350 
48. 2.25 308 555 
15. 0.26 265 205 
73. 73.50 330 375 

148. 19.93 472 472 
48. 19.93 265 308 
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Transistor-Magnetic Amplifiers 


Where neither transistor nor mag- 
netic amplifier alone will meet design 
requirements, one of these seven bas- 


ic combination circuits may be the 


answer. All have been 


practice. 


NIELS JASPER, JAMES C., 
and WILLIAM T. WHITE 


Guidance and Control Laboratory. 


PAYLOR 


Development Operations Division 


Army Batuistic Missite Acency, Huntsville, Alabama 


THE INVENTION OF THE TRANSISTOR and its phenomenal 
development during the past eight years have brought 
about a reappraisal of vacuum tube and magnetic cir- 
cuits. In many cases the transistor has been proved to be 
equal to or superior in performance to the magnetic 
amplifier. Yet there is a need for both magnetic and 
transistor circuits. Furthermore, an increasing number 
of circuits combine the two in order to utilize the ad- 
vantages of both. 

Often the design engineer is faced with a problem 
that is not solved to his satisfaction with either type. 
Although specific applications cover a wide range of re- 
strictions. in general the most important limitations on 
his choice are: 

1. Number and type of signals 

2. Output power requirement and type of power 

source 

3. Environmental conditions 

1. Gain versus time constant 

5. Availability of desired components. 

To mix several d-c signals or to respond to d-c and 
a-c signals alike is generally a magnetic-amplifier func- 
tion. As an a-c amplifier the transistor is by far the better 

especially if signal distortion is of any consequence. 
However, in many control applications distortion is no 


problem and a magnetic circuit such as the half-wave 
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proven 


three a-c servo amplifiers 


pulse-width modulated 
d-c switch 


d-c to a-c servo amplifier 


a-c to. d-c regulated 
in power supply 


low level d-c 
harmonic amplifier 


bridge or self-saturating type operating from a_ high 
frequency source is quite satistactory. 
Magnetic amplifiers are more conveniently operated 
from an a-c power source whereas transistors lend them- 
selves more readily to a d-c supply. But often this has 
little significance in amplifier selection. Both d-c and a- 
are convenient in some systems such as aircraft and 
missiles and the circuit designer is in the happy position 
to choose one or both. However, as power requirements 
increase, efficiency and simplicity of supply become im- 
portant. A magnetic amplifier can be designed to handle 
many times the power of a practical transistor amplifier 
made with commercially available transistors. 
Considering environmental conditions, temperature is 
of particular importance. Silicon transistors are avail- 
able for ambients up to approximately 150 C. However. 
the collector dissipation is in the order of only a few 
watts.” Hence, power applications dictate germanium 
transistors. Several 20-watt germanium transistors are 
available with a top ambient of about 75 C for a rea- 
sonable output. Above this temperature, the germanium 
type transistor must be operated as a switch, in parallel 
or with blower system, to increase the power capability. 
Rectifier and core material are the primary factors in 
limiting the operating temperature of magnetic amplifiers. 
The development of silicon power rectifiers that will 
handle currents in the order of 35 amp at a case tem- 
perature of 150 C will greatly extend the operating range 
of magnetic amplifiers over that of power type tran- 
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Fig. 2—Half-wave magnetic amplifier with transistor preamplifier. 


In a comparison of the ratio of gain to time constant. 


the magnetic amplifier cannot compete with the transistor. 


As the gain of the magnetic amplifier is increased, the 
time constant is increased also. To increase this ratio. 


it is necessary to operate the amplifier from a source of 


higher frequency 
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which. in veneral, complicates the 


If considerable care is not taken in component selec- 
tion for production models, sudden non-availability of 
certain items as well as overall performance may prove 
to be quite costly. Not only component characteristics 
but also availability and suitability of substitute com- 
ponents may often influence the choice of a magnetic, 


transistor or combination circuit. 
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Fig. 3—‘A) Block diagram of servo amplifier with lead compensa- 
tion. (B) Typical circuit with transistor preamplifier for 2-stage A Es 
magnetic amplifier. 
A-C Amplifiers is simpler in construction and inherently faster than that 
Within the limits of its operating characteristic, the of Fig. 1. However, it has serious limitations in powe! 
transistor is the superior a-c amplifier. But where signal output and efficiency and is usually limited to 10-watt 
« c c . = « 
distortion is of no particular consequence, the magnetic motor applications. a 7 , : 
amplifier will serve quite satisfactorily. This is true in lransistor a-c amplifiers er: ideal in carrier servo 
many control systems. Furthermore, temperature, output systems. However, as the system’s natural frequency ap- 
power supply requirements, and possible power supply proaches a cycle or less, compensation becomes more 
simplicity may eliminate the feasibility of power tran- complex and costly. One popular compensation method 
<istors in favor of a magnetic amplifier. However, if the is to feed the a-c output through a demodulator. RC in- 
desired ratio of gain to time constant cannot be met by tegrating or differentiating network, and a modulator 
a magnetic amplifier, a combination of the two types back to the input. The half-wave bridge amplifier offers 
may be the answer a much simpler approach. In the first place it is sensi- 
\s an example, consider the amplifier shown in Fig. 1 live to a-c and d-c signals, and since the output contains 
\ transistor preamplifier amplifies a small a-c steal a-c and d-c, the a-c component may be used to drive a 
which is converted into a phase reversible d-c signal by servomototr and the d-c Component fed ba k to the input 
a phase discriminator which drives a push-pull a-c mag- through a simple RC network. Two half-wave stages with 
netic output stage. If silicon transistors and_ rectifiers RC feedback can be an excellent solution where a high 
are used throughout the circuit, greater output powel signal amplitude permits relatively low voltage gain. 
at higher ambient temperature is possible than with an However. as gain requirements increase and an addi- 
all-transistor amplifier. A detailed description of this tional stage or so must be added, then drift as well as 
type circuit has been previously published. (2) efliciency becomes a problem. This problem may be solved 
\ faster operating version of Fig. 1 is shown in Fig. 2 by adding a transistor preamplifier to drive the two-stage 
This is a ti nsistot preamplifier driving a single stage magnetic amplifier with RC feedback as is shown in the 
. . “oc tr - . 5 . i co ¢ ; rio 2 . -~ z > , 
half-wave bridge magnetic amplifier. (3) The transistor block diagram of Fig. 3A. Symbols A and K,, are the 
preamplifier may be essentially the same as that of Fig. 1. gains of the transistor and magnetic amplifiers respec- 
. . > : ; . ‘ “ = hy > ae? 
Only the turns ratio of the output transformer T, need tively. Symbol H, is the transfer function of the RC 
be changed for impedance matching. Since the half-wave feedback network in Laplace transform notation. If the 
bridge is sensitive to a-c and d-c signals, the output of 7 feedback is negative through an unloaded RC integrating 
Is applied directly to the magnetic amplifier. Like the for- network loading can be minimized in most practi al 
» 5 . . . seats c > 
mer. essentially all of the voltage gain is contributed by applications (9)—then 
the transistor section with negligible time lag. Therefore. a) 
the low gain bridge may easily approach the theoretical H 


half-eycle response. The output of this amplifier is a 
phase reversible half-wave. The large fundamental com- 
ponent drives the servomotor. Therefore, the motor con- 


trol phase is tuned for maximum torque. This amplifier 
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1+ RCS 


Furthermore. if the modulating frequency is sufficiently 
low to neglect the lag through the magnetic amplifier, 
the transfer function of the overall amplifier is 
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Rearranging Eq (2) and letting K,, become suflicient!y 
large, the transfer function becomes 


oo A, {1 + RCS (3) 


Several interesting points are revealed by Eq (3). The 
magnetic amplifier has become a lead network with no 
attenuation, and the gain of the overall amplifier is 
that of the transistor preamplifier. In practice A,, is 
never made sufficiently large to realize this ideal situa- 
tion. However, in general, the preamplifier may be de- 
signed to contribute most of the circuit voltage gain 
whereas the magnetic amplifier serves primarily as a lead 
network without attenuation. A schematic of this type 
amplifier is given in Fig. 3B. 

In certain instances a reverse arrangement may be 
advantageous. A class-B transistor amplifier is used for 
the power output stage, preceded by a low-level magnetic 
feedback amplifier. The over-all circuit efficiency is there- 
by greatly increased since the magnetic amplifier is 
operating at a very low power level and serves as a lead 
network. 


D-C Amplifiers 


An ideal switch does not consume power in the on o1 
off position. Under certain operating conditions tran- 
sistor behavior approaches the ideal. (4) If a transistor 
is driven by a series of rectangular pulses of sufficient 
amplitude to saturate the transistor, its output current 
may be varied in direct proportion to the width of the 
input pulses with the resulting control of power in the 
load of several times the rated power of the transistor 
and at a very high efficiency. This scheme of pulse-width 
modulation lends itself readily to a d-c amplifier. 
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Fig. 4—(A) Pulse-width modulated 
transistor switch with stabilizer power 
(| supply. (B) Basie stabilizer power 
supply. (C) Stabilizer output wave- 
shape. 
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Fig. 5—Pulse-width modulated transistor switch of Fig. 4 used 


for inverter frequency control. 


\ modulator is necessary to transform the d-e signal 
into a series of pulses of constant repetition rate with a 
pulse duration proportional to the d-c amplitude. (5) 
If a full-wave magnetic amplifier is operated from a 
square-wave supply voltage, the output is a series of 
pulses, the width of which changes in proportion to a d- 
voltage applied to a control winding. The pulse width 
may be made to vary from essentially zero to approxi- 
mately 360 deg, depending on the steepness of the sides 
of the supply voltage wave. how sharply the magnetic 
amplifier cores saturate, and rectifier back resistance. 
If the pulses are of sufficient amplitude to saturate the 
transistor, the result is a very efficient. high-gain d- 
amplifier with a fast response and high ratio of power 
output to weight. 

\ typical circuit is given in Fig. 4A. The primary re- 
quirement for the magnetic amplifier power supply is 
to deliver a relatively rectangular voltage waveshape. 
In many cases the most suitable supply is a matter of 
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engineering judgment. Where the magnetic-amplifier 
time response must be improved, magnetic frequency 
multipliers or transistor oscillators may be selected. The 
power supply shown in Fig. 4A and separately in Fig. 
IB achieves excellent voltage regulation characteristics 
with few components, none of which have particularly 
critical values. Powdered-iron core material is excellent 
for use in the design of the choke L, but precautions 
must be taken to keep the choke linear for best results. 
Transformer L, is constructed with rectangular-loop core 
material and should be designed toward optimum effi- 
ciency to avoid excessive heating due to the capacitor 
(,, changing polarity during the transient. If losses are 
minimized. design for optimum conditions is very closely 
approximated by the following equations. (6) 


hk LIE (1) 
05 (5) 
\ I (6 
R ( ) ) 
\, P; 
LA 1.5 (i) 
kk (8) 
pP 
R 


where E is the effective value of the voltage of frequency 
/. and P;, is the power delivered to the load resistance 
K,. To utilize this circuit as a power supply for the mag- 
netic amplifier, it is necessary only to center-tap the sec- 
ondary of ies 

There is one precaution to consider when coupling the 
magnetic amplifier to the transistor. Due to the magnetiz- 
ing current /,,, of the magnetic amplifier, the input voltage 
to the transistor never reaches zero; therefore, the tran- 
sistor collector current may be excessive with zero input 
current to the magnetic amplifier. This problem may be 
eliminated by inserting a silicon rectifier in series with 
the emitter and shunting a resistor R, Fig. 4A, across the 
output of the magnetic amplifier. The silicon diode re- 
quires a forward voltage of about 0.5 volt for conduc- 
tion. Therefore if 


I,,R = 0.5 volt (9) 


the collector current is maintained small for zero input 
to the magnetic amplifier. Rectifier SR, also stabilizes 
the circuit for higher temperature operation. 

This amplifier is especially adaptable to control cir- 
cuits. An example is the inverter frequency-regulating 
system shown in block diagram form in Fig. 5. The am- 
plifier of Fig. 4A is connected across the alternator out- 
put: the transistor switch is in series with the motor 
shunt field. A reference frequency discriminator controls 
the magnetic amplifier which operates the transistor 
switch to vary the average value of motor field current. 
thus controlling the motor speed and output frequency. 
In order to obtain voltage control a reference voltage 


arrangement replaces the frequency discriminator and 


36 





the transistor switch is connected to control the current 
in the alternator field winding. 


D-C to A-C Amplifiers 


Where d-c input signals must control a-c load power a 
magnetic amplifier is often ideal—especially when several 
d-c input signals are to be mixed. A very practical way 
to increase the ratio of gain to time constant is to utilize 
a magnetic preamplifier to drive a transistor output stage. 
The simplest case would be a self-saturating single-ended 
a-c magnetic amplifier driving a class-B transistor out- 
put stage. In order to achieve phase reversibility, push- 
pull circuitry is necessary. 

Figure 6 is such a circuit for operating a two-phase 
induction motor. (7) If the magnetic amplifier supply 
source is of the rated motor frequency, a phase-reversible 
output is obtained with a large fundamental component 
of proper frequency to drive the motor. Linearity is 
optimized by operating the magnetic amplifier from a 
square-wave source, biasing at a 90-deg firing angle. and 
designing so that the amplifier swing over the desired 
operating range requires a small change in firing angle. 
This is readily seen by expressing the magnetic amplifier 
output current waveform as a Fourier series. If Jy, is 
the magnitude of the fundamental component, /,,, is the 
peak value of the output waveform. and A@. the change 
in firing angle: 

i/ 


ae ~? sin AO (10) 


For small changes in the firing angle little error is in- 
troduced by considering the sin A@. equal to Aé.. As a 
rule of thumb good linearity is obtained for Aé@ 0.0 
radians. A simple relationship between the peak value 
of the motor current. collector current and the firing 
angle will further illustrate this point. If the motor is 
stalled and the control winding is tuned for unity power 
factor. the input control winding may be approximated 
by a parallel resonant circuit with a quality factor Q 
(which is given by the ratio of winding inductance to 
resistance at stall) and the motor control winding cur- 
rent is a relatively good sine wave of peak value / 

Furthermore if peak value of the transistor collector cur- 
rent is /, 

10.1,.N, 


Te \, 


sin AO (11) 

The power output of this type circuit can be greatly 
increased with available transistors if the output of the 
magnetic amplifier is sufficient to saturate the transistors. 

Another very interesting d-c to a-c amplifier applica- 
tion is that of a d-c voltage regulator. Quite often the 
required d-c regulated voltage is higher than the avail- 
able unregulated d-c supply. In this case the d-c may 
he converted to a-c. transformed to a desired value, recti- 
fied and filtered. A single-ended magnetic amplifier op- 
erating from a square wave source which switches a 
class-B transistor power stage is a very convenient means 
of accomplishing this result. Again. if the entire circuit 
must operate from the unregulated d-c source, a d-c to 
a-c transistor oscillator is a convenient magnetic ampli- 
fier supply. If a-c power is also available, the magnetic 
square wave oscillator may be preferred. 

Figure 7 is a typical circuit. The magnetic amplifier 
a-c source is squared by the magnetic oscillator. The 
transistors operate directly from the unregulated supply. 
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The alternating output is transformed by transformer 7, 
rectified by the bridge arrangement SR, and smoothed 
by the LC, filter. The d-c output is also across a diode 
bridge which compares the output voltage with the Zener 
voltage of the bridge diode. and feeds a signal back to 
the magnetic amplifier. As the output voltage increases, 
the feedback signal reduces the firing angle of the mag- 
netic amplifier and subsequently the output across the 
load R,. If the output decreases the reverse is true. Re- 
sistor R. may be varied to unbalance the bridge in order 
to bias the magnetic amplifier at the proper firing angle 
for the desired output, thereby eliminating an extra bias 
winding. As the ratio V./R,. becomes larger the gain in- 
creases and the error is described. N; serves as a damp- 
ing winding. 


Low Level D-C Amplifiers 

The problems of amplifying d-c currents and voltages 
are especially challenging for low-level signals of the 
and 
noise become very difficult to control. In general, the 


order of microwatts or smaller where zero stability 


ereatest success has been achieved through d-c to a- 
conversion by choppers. magnetic modulators. etc. The 
signal is then amplified and detected. Particular 
requirements may limit the choice of conversion that can 


a-c 


be used in an amplifier. In many cases an electronic chop- 


per designed around transistors or possibly vacuum tubes 





or a magnetic modulator may serve equally as well. How- 
ever, it would seem that a more general type amplifier 
is that employing the magnetic modulator. which operates 
especially well from a low impedance signal source such 
as a thermocouple. It can also operate successfully from 
a high impedance source, and therefore. lends itself to 
many measuring applications. Furthermore the simplicity 
of mixing a number of signals extends its use into com- 


puter systems, where summing, intergrating and dif- 
ferentiating are desired operations. 
Harmonic amplifiers can be made to amplify d-c 


signals in the order of a small fraction of a micromicro- 


watt with relatively small long-time drift. (8) However, 
such extremely sensitive amplifiers require highly con- 
trolled oscillator supplies along with careful selection and 


of 


practices which, in general. lead to rather complicated 


matching components, and specialized engineering 
circuits requiring a larger package than is often desired. 
Most practical applications do not require the extreme 
sensitivity and precision of laboratory instruments. and 
the circuitry can be considerably simplified. The har- 
monic amplifier to be discussed is such a practical circuit. 
(However, the basic principles and circuits hold for the 
more sensitive and elaborate amplifiers. ) 

Where a well regulated a-c supply is available (as, for 
example, missiles) the amplifier shown next page in Fig. 
& has excellent possibilities. 


Ey -4 . ‘ ; P . : 
Fig. 6—Self-saturating push-pull magnetic preamplifier with transistor output stage 
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\ brief introduction to the basic principles of the mag- 
netic modulator might simplify the discussion of this 
circuit. When a symmetrical exciting current is impressed 
on a winding around a core which has a B-H curve 
(hysteresis characteristic ) that is symmetrical with respect 
to its origin, the alternating flux density contains only the 
fundamental and odd harmonies. If a d-c current is super- 
imposed on this winding, or applied to an additional 
winding. the origin of the B-H curve is displaced. The 
waveform of the flux density becomes asymmetrical and 
contains even harmonics, the amplitudes of which are, 
from a practical point of view, linearly related to the 
d-c current over a relatively wide range of operation. 
Furthermore the phase of the even harmonics reverses 
as the direction of the d-c current reverses. The second 
harmonic is the largest even harmonic and is usually 
selected for amplification. 

If the modulator is to deliver maximum power into a 
load, impedance matching is important. Maximum power 
transfer occurs when the reactance of the output winding 
at the second harmonic is equal to the load resistance. 

Single-core modulator has the disadvantage of a large 
fundamental in the output and control windings. There- 
fore a more practical arrangement is to place a winding 
on two identical cores and connect it to the a-c source 
in series so that the fundamental cancels out in the control 
and output windings which are wound around both 


cores, 


Finally is should be stated that the ratio of the core 


saturation magnetizing force to the peak excitation mag- 


netizing force is quite important, and should be ap- 
proximately |] 
d-e or signal magnetizing force is small compared to the 
excitation magnetizing force, a simplified approximate 
relationship for the second harmonic output as a func- 
tion of d-c signal for a two-core modulator is 


\/2 for sinusoidal excitation. Then, if the 


; 16 A. Nf uw Hae X 10° (12) 
” \ 
| Zhe R 

K. 1.6 2°f uw = K 10° (13) 


where eo is the peak value of the second harmonic, 4 
is the area of the core cross section in square centimeters. 
V is the number of load winding turns, f is the excitation 
is the 
average permeability, / is the length of the magnetic path 


frequency, » is the incremental permeability. p, 


in centimeters, Hy. is the signal magnetizing force. and 
R,, is the load resistance of the modulator. For an im- 
pressed excitation and signal current. this equation will 
be in good agreement with experimental results if » and 
Hy, are chosen correctly. 

Figure 8 is a low level d-c amplifier circuit employing 
a magnetic modulator and transistors. The a-c source 
voltage is transformed to a desired value by transformer 
Ti: and Li and C: are turned to the fundamental in order 
to suppress harmonics. Since it is difficult to obtain an 
ideal core match, a large fundamental may be present 1 
the output winding N of the magnetic modulator. Further- 
more since the second harmonic has been selected as the 


) 


(Continued on page 35 
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Fig. 8—Low-level push-pull harmonic type d-c amplifier. 
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Sources of Error 
in Production Testing 


Individual units in a quantity of the 
same product can never be exactly 
alike in detail or in over-all perform- 
ance. The concepts of tolerance. 
range of performance and “quality” 
control are of critical concern to 
sales, inspection and engineering. 
Production testing and gaging may 
involve errors which follow patterns 
and others which are random in 
nature. Straightforward methods are 
available for assaying the nature and 
degree of these non-product varia- 
tions in testing so that the entire 
range of apparent deviation in per- 
formance is not assigned to the prod- 
uct itself. The general reasoning in 
this statistical process is demonstrat- 
ed as applied to a typical electro- 
mechanical product. that is small 


motors. 


J. L. OLDENKAMP 

{dvanced Engineering Development Section 
Specialty Component Motor Department 
GeNERAL ELectric COMPANY 

Fort Wayne, Indiana 
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PRODUCTION OR OTHER ROUTINE quantity testing is for 
the general purpose of separating the “good” from the 
“bad” among supposedly identical parts or products. In- 
line inspection of subassemblies and components. inspec- 
tion of incoming purchased items and final or customers’ 
evaluation of finished products are all examples of pro- 
duction processes which may involve testing in one form 
or another. In all of them, although for possibly different 
reasons, it is highly desirable that the results of such 
testing represent the characteristics of the item being 
tested with a minimum of distortion due to extraneous 
factors such as the human element and variations in 
the test equipment. With all economically practical im- 
provement in the reliability of such factors. there ar 
irreducible remnants of error. These can be analyzed on 
a statistical basis in such a manner that the tested prod- 
uct will not be charged with deviations not properly due 
to it. 

The obvious reasons for such analysis are to minimize 
the rejection of “oood” products and the acceptance ot 
those which may be substandard, and the desire for re- 
liable product descriptions for sales and advertising 
purposes. A less direct but important reason for desiring 
more accuracy in product test data evaluation is that 
design and manufacturing engineering otherwise do not 
have clear indications of the effectiveness of changes in 
product design or in production methods. The total varia- 
tion in a given test of a product is a summation of a 
number of factors, of which only one is variation in 
the product itself. If, for instance, the magnitude of 
“experimental error” approaches the intrinsic product 
variation. which is not by any means unlikely. the total 
observed variation will be far larger than that due solely 
to the product. Unless the test data is sifted for errot 
from other sources, the product will be blamed for all 
of the variation. It may be decided that this apparent 
large “product variation” is intolerable and engineering 
steps initiated to reduce it. Since these, even when entirely 
effective in improving product uniformity, can only bear 
on the variance factor actually due to the product, the 
erroneous conclusion may be reached that the product 
design or processing changes which had been adopted 
were not effectual. 

Sources of Test Variances. For quantitative break- 
down of test data into its various components, all the 
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Recorded Readings of 
Full-Load Watts Input 
— Y¥s-Hp D-C Motor 
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Calculated 
Full-Load Efficiency 
— Ya-Hp D-C Motor 
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Tester bias and experimental error averaged out 


sources of error must be defined, The true product varia- 
tion, which is the object of the analysis, may be due to 
differences in materials or in manufacturing processes. 
Tester bias derives from the fact that persons have in- 
dividual testing techniques and methods of reading in- 
struments which tend to average high or low. The greate: 
the skill required for a particular test or measurement, 
will tend to be. Test bench bias 


refers to the aggregate of errors in test instruments and 


the greater this “bias” 


gages. These are always present, since absolute calibra- 
tion is impossible. Experimental error, a term often 
loosely conceived. is defined for 


present purposes as 


consisting of various elements which may be random 
and make it impossible to exactly duplicate test results. 
such as variation in ambient temperature or humidity. 
shifts in power line voltage. changes in mechanical fac- 
tors such as friction, heating of the item under test, and 
instrument reading 


including errors as distipguished 


from bias, which is a more or less uniform tendency to 
read high or low. 
It has been found that a good rule for assaying the 


effect of each of these classes of variation in test result is: 


Votal 


Variation 


(product variation)? + (tester bias) 
\ (bench bias)? + (experimental error) 
follows that if. 
error is equal to product variation in magnitude, then 
total variation will be at least 40 per cent greater than 


From this it for instance, experimental 


the true product variation. If product design changes 
or other engineering steps are taken to improve product 
uniformity. and these were so effective as to reduce in- 
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trinsic product variation to 10 per cent of the original 
value, which is usuaily difficult and costly, the total ob- 
still be 71.6 per cent of the 
original value. This would completely obscure the effec- 


served variation would 
tiveness of the product improvement measures. 

The key idea in obtaining a measure of the factors 
other than true product variation is test repetition and 
analysis. Tester bias can be evaluated by testing pre- 
viously tested products using the same “bench”, that is 
instruments. but by other testers. It is preferable that 
the testers be unaware of the experiment. By comparing 
the average value of the measurements made by the first 
tester with the average of the others, a measure of tester 
bias can be derived. As the number of figures in each 
the differences 


becomes a more reliable indication of tester bias. 


average is increased, between averages 
Test 
bench bias can be gaged in a similar manner. If a tester 
is transferred from one test bench to another and (un- 
knowingly) re-tests a number of the same products, he 
will provide data for estimating test bench bias. Again. 
the difference between the two averages is a measure of 
this bias and the reliability of the measurement increases 
with the quantity of data available. 

Experimental error is perhaps the easiest variation 
to measure. If one item of the product is tested by one 
tester several times on one bench over the course of a 
month or year without his knowledge of the experiment, 
the test results will give a measure of this tester’s ex- 
perimental error. If there were no experimental error. 
all results would be identical. All spread in these test 
results are caused by experimental error. 
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Table Ill 


Calculated 
Full-Load Efficiency 
—16-Watt Shaded-Pole 


Tester 














Motor g 
c- 
Table IV 
Measured 
Locked-Rotor Torque 
—16-Watt Shaded-Pole 0.520 3 
Motor 0.522 s 
0.48 Ef 











0.507 


Tester bias and experimental error averaged out 


The combined effect of test bias, bench bias and ex- 
perimental error can be evaluated by having one item 
tested by every tester and on every test bench. All varia- 
tion in these results will be caused by the combined effect 
of the three sources of error. 

Finally, the total product variation can be evaluated. 
If tester and bench bias, and experimental error prove 
to be quite small in comparison to the total spread in 
test results over a period of time, then this spread is 
probably attributable to product variation. If, however, 
these sources of error are not negligible, the true prod- 
uct variation can be obtained by selecting a random 
sample of the product and having one tester test them 
on one bench several times without his knowledge of 
the experiment. The average for each unit should be cal- 
culated. These averages will give the approximate product 
variation. As the number of repetitions of test is in- 
creased, the effect of the experimental error is decreased 
and the final answer will approach the true product 
variation. 

Small Motor Tests. A marked example of tester bias 
was found when observing the measurement of full-load 
watts input for a 14-hp low-speed d-c motor. This is a 
relatively difficult measurement in that the motor must 
be brought up to speed and loaded to the required torque 
before the winding heats up. Six motors were tested by 
each tester. The results are shown in Table I. As in- 
dicated, the range of the data is 310—283, or 27. By 
averaging the three values for each motor, and thus 
averaging out some of the tester bias and experimental 
error, the range was reduced to 297.66—285.3 or 12.36. 
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The effect of tester bias can be noticed by observing the 
average for each tester; these averages have a range of 
13.6. A more elaborate analysis showed tester bias to be 
the chief source of difficulty. 

As expected, a similar conclusion was reached when 
the full-load efficiency of the same motor was analyzed. 
Table II. Notice that the range was reduced from 67.3 
61.6, or 5.7, to 65.7—63.7, or 2, when the tester bias 
and experimental error were partially averaged out. Also 
note that the average for the testers had a range of 2.2. 
Since the averages for the testers, which included twice 
as many test points as the motor averages, had a large 
range, it might be concluded that tester bias was signifi- 
cant. More elaborate analysis confirmed this conclusion. 

The errors associated with testing small (16-watt out- 
put) shaded-pole motors were also closely examined. The 
measured full-load efficiency was one of the items under 
consideration. The test data are given in Table III. Note 
that the spread of the data is reduced from 23.9—19.8, 
or 4.1 per cent, to 21.6—20.06 or 1.54 per cent. by 
averaging out some of the test bias and experimental 
error. Another item studied was the locked-rotor torque 
of the 16-watt shaded-pole motor, Table IV. As the spread 
of test results suggests, locked-roto1 torque of small 
motors is a relatively difficult test to perform. Tester bias 
and experimental error have contributed heavily to the 
spread of the test results. The range for the data is 0.537 

0.407, or 0.130 oz-ft.. whereas with tester bias and 
experimental error partially averaged out the range is 
reduced to 0.511—0.446. or 0.065 oz-ft. 

(Continued on page 135) 
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Not to scale 


Fig. 1—Signal Corps modular grid spacing pattern 
for printed circuit components. 


Components 


Special consideration must be given to the 


design of sockets and connectors for 


printed wiring to facilitate mounting com- 
ponents on boards, to preclude the forma- 
tion of moisture traps, and to provide good 


volumetric efficiency. Past and current 


printed wiring component developments 
sponsored by USASEL complete the series 
for electron tube applications and provide 
a new family of components for transistor 


printed wiring circuttry. 


WILLIAM W. DECKERT 

Components Department 

U. Ss. Army Signa ENGINEERING LABorATORIES 
Fort Monmouth, N. J. 


IN PROVIDING ELECTROMECHANICAL COMPONENT PARTS fo1 
use in printed wiring circuits in Signal Corps applica- 
tions, it was found that parts designed for hand wiring 
applications were usually unsuitable and that modifica- 
tion could rarely make them adaptable. 
designs were sought which not only would be fully satis- 


Therefore. new 


factory for either hand loading or machine insertion but 
also would be capable of meeting the exacting military re- 
quirements. 

electromechanical 
parts for printed wiring applications with special atten- 
tion to the potential use in automatic assembly systems, 


In considering the design of new 


it was realized that design concepts associated with com- 
ponents for conventional hand wiring circuits would not 
be applicable. For example, terminals of tube sockets for 
hand wiring are usually loose in the socket body to pro- 
vide the necessary contact float to compensate for any 


manufacturing tolerance variation of the electron tube 
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for Printed Wiring 


pins. Tais terminal looseness would cause assembly dif- 
ficulties in hand loading on the printed wiring board 
and would preclude the economic use of such a component 
design in an automatic assembly system since propet 
component assembly on the board would be at best a 
hit-or-miss proposition. Also, the dip-soldering operation 
would prevent movement of the terminals and would not 
only destroy the contact float but would also permit direct 
transmission of harmful forces to the soldered terminal 
area whenever the tube was inserted or removed. There- 
fore. the required design should have stiff and uniform 
terminals firmly held by the insulated body but at the 
same time have contacts with freedom of movement. 

To obtain the maximum benefits from components used 
in printed wiring applications, it is essential to provide 
the components mounting device with solder tabs so that 
anchoring can be accomplished as part of the dip-solder- 
ing operation. In addition, an air space must be pro- 
vided between the component and the board to insure 
ventilation and prevent moisture entrapment. 

Although terminal spacing and pattern are of minor 
consequence in hand wiring applications, uniform ter- 
minal spacing based on a standardized modular grid 
system is most important where automation techniques 
are employed and large production quantities are in- 
volved. Such standardization reduces the drilling of the 
board to a routine operation and greatly facilitates com- 
ponent part placement. Details of a Signal Corps modular 
grid spacing plan for various sockets and connectors are 
shown in Fig. 1. 

On the basis of the foregoing design considerations the 
Signal Corps through past development work with the 
P. R. Mallory & Co., Inc., Indianapolis, has furnished a 
vertical and right-angle mounted seven-contact miniature 
socket, a vertical and right-angle mounted subminiature 
eight-contact button-type socket, a right-angle mounted 
subminiature “in-line” socket, packaging plugs and re- 
ceptacles, and a 24-position rotary switch. (1)* A ver- 
tical and right-angle mount noval minature socket in- 
corporating the same basic features as found in the 
seven-contact miniature sockets was designed by the 
Signal Corps. It was realized that additional com- 
ponents would be required to complete the series for 
electron tube applications and that a new family of items 
for transistor circuitry would be in demand. Development 
work was continued with P. R. Mallory Co., Inc., in order 
to make these new components available to the design 
engineer at the earliest possible date. These newly de- 
veloped components feature long operational life, good 
resistance to the effects of vibration ranging in frequency 


*Italic numbers in parentheses refer to Cited References at end of article 


SEPTEMBER 1957 


from 10 to 55 eps with 0.03-in. excursion. They also ex- 
hibit superior electrical characteristics under long-time 
exposure to high temperature and humidity. The tem- 
perature and humidity exposure consisted of ten davs of 
a moisture resistance test with humidity conditions rang- 
ing from 90 to 95 per cent RH and maximum temperature 
of + 65 C. These components consist of a vertical- and 
right-angle mount transistor socket, low-voltage plug and 
receptacle and a six-position subminiature rotary switch 
primarily for transistor applications, a vertical mount 
octal socket and a vertical mount subminiature “in-line” 
socket developed for use in conventional electron tube 
circuits. 

Transistor Sockets. Transistors have been generally 
soldered directly to the printed wiring board because 
transistor sockets possessing the characteristics necessary 
to meet military performance requirements were not 
available. The ready removal of transistors from asso- 
ciated circuitry for routine servicing or for checking 
matched transistor pairs pointed up the need for a 
suitable socket. The developed sockets shown in Fig. 2 
have good contact fatigue resistance, low contact re- 
sistance and exceptionally good lead retention proper- 
erties. For the electrical protection of the transistor, the 
emitter and collector contacts have been sufficiently re- 
cessed so that the transistor base lead makes contact no 
later than second. Long contact life has been demon- 
strated by the ability to withstand repeated insertions and 
withdrawals of a test jig with oversized pins for 250 
operations without loss of 


ood transistor retention 


o 
5 





Fig. 2—Right-angle and vertical transistor 


sockets for printed wiring. 
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properties. The contacts are silver-plated beryllium cop- 
per and are arranged to accommodate transistor leads 
trimmed to 0.2-in. in length. The insulator bodies are 
provided with two ribs on the underside to maintain a 
clearance with the mounting board and thus minimizes 
moisture entrapment. Recesses are provided on the right- 
angle transistor socket to prevent migration of flux and 
coating materials into the contact cavities. Nickel-plated 
brass mounting brackets are provided to insure solid 
anchorage to the printed wiring board. 

Octal Socket, Vetical Mount. In view of the rela- 
tively greater insertion and withdrawal forces associated 
with octal tubes, it is of major importance to prevent 
transmission of these forces directly to the terminal areas 
of printed wiring boards. In the developed sockets, shown 
in Fig. 3, isolation of these forces has been accomplished 
by designing the contacts to provide adequate float within 
the confines of the contact cavity and by firmly securing 
the contact assembly to the insulator body. The method 
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Fig. 3 Vertical octal socket for printed wiring. 
Method of obtaining contact float in octal socket 


is sketched 


Fig. 4 (right) Vertical 
subminiature tube socket. 
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Editor’s Note 


> Commercial printed wiring component 
design is typified by this 2-section potentiometer 
assembly by General Telephone Supply Cor- 
poration. Designed to snap into a printed cir- 
cuit panel for vertical mounting or for mount- 
ing with the shafts parallel to the board by 
means of a bracket, it occupies minimum panel 
space. Molded phenolic shafts are designed for 
finger or serewdriver adjustment. Resistance 
range is 250 ohms through 10 megohms and 
the rotation angle is approximately 300 deg. 


hy which this is accomplished is sketched. A five-pronged 
mounting band serves to insure proper orientation of the 
socket. The prongs also serve as excellent ground cross- 
overs. The socket was designed to meet the applicable 
performance requirements of JAN-S-28A for Type TS- 
LOL. 

Subminiature Flat Press Tube, Vertical Mount- 
ing Socket. The advantages of being able to socket 
subminiature tubes cannot be overemphasized. Ease of 
maintenance is particularly significant in printed wiring 
use since the removal of a “soldered-in” tube is a task 
that should only be attempted by a skilled technician. The 
development of reliable sockets, without compromise in 
circuit performance as compared to “soldered-in” per- 
formance, permits rapid tube checks by any technician 
familiar with basic test routines. The developed socket 
As in other sockets, the silver-plated 
beryllium-copper contacts are formed to provide float 


is shown in Fig. 4. 


and arrest the transmission of damaging forces to the 
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solder dots of the printed wiring board. The terminals are 
“spidered” because the spacing between tube leads is not 
adequate to allow the necessary clearance between ter- 
minal rings of the printed board which surround each 
socket terminal. Extensive testing, including a 250-hr life 
test in a typical electron tube circuit, has revealed that 
these sockets are well suited for general military equip- 
ment applications. In addition, the sockets retained repre- 
sentative tubes during vibration testing without any 
loosening, or without any mechanical or electrical damage 
to the tubes. To eliminate the possibility of contact ot 
lead fracture due to resonance of the tubes under vibra- 
tion conditions, projections on the upper part of the 
mounting bracket have been provided as an anchor 
point for a shield or tube clamp if additional support is 
contemplated. 

Plug and Receptacle. Commercial cavity type re- 
ceptacles which make direct contact with the copper foil 





(Continued on page 107) Fig. 5—-Low-voltage printed wiring board plug and receptacle. 
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Fig. 6-—-Subminiature rotary switch for printed wiring. 


SEPTEMBER 1957 95 





Sciaky seam welder 


with digital time 
and sequence control 


1. L. SOLOMON 
Research Director 


SciAKY Bros., Inc., Chicago, Il. 


RESISTANCE WELDING EQUIPMENT has always presented a 
challenge to designers of programming controls. A crit- 
ical requirement in welding is the sequential timing of a 
number of physical variables which are inter-related and 
whose laws are not known exactly. These are the force 
with which the parts to be welded are squeezed together, 
the squeeze time, the wave-shape and duration of the 
welding current, the variations in pressure that may be 
desired during the entire process, and the forging time 
and force. In the welding of certain materials such as 
high heat resistant heat-treatable metals used by the air- 
eraft industry, the welding may consist of a preheat pe- 
riod at a low current level. a weld current at a higher 
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Cycle Counting 


The prevalent close regulation of a-c power 
line frequency permits cycle counting as an 
advantageous method of sequence and timing 
control. By treating time as the sum of discrete 
units, digital techniques such as the use of 
cold-cathode glow transfer tubes for counting 
may be employed to measure intervals. This 
effectively minimizes the consequence of volt- 
age and component variations which can raise 
havoc in conventional timing circuits. The 
merits of this concept for equipment and sys- 
tem programming are well demonstrated as 
applied to the problem of resistance welding 
control, in which flexible. accurate timing of 


numerous functions in succession is essential. 


level. a quench period during which no current: passes 
followed by a postheat period at a low current level. Par- 
allel to this is a pressure sequence wherein a high pre- 
compression precedes the welding period after which the 
pressure is reduced during the welding period. A high 
forging pressure may be initiated after the welding cur- 
rent has stopped so as to come in either during the quench 
or the postheat period. 

Resistance welding technique progressed as more ac- 
curacy in control was realized. Early devices used for 
timing of welding current were mechanical, then electri- 
cal and electronic timing and current control devices were 
utilized. Generally, timing control devices have been 
either vacuum or gas tubes associated with resistance and 
capacitance networks. Complete systems were developed 
using individual timers operating relays which were ini- 
tiated in sequence in accordance with the functional re- 
quirements of a particular machine, and in recent years 
fully electronic circuitry was developed which eliminated 
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for Digital Timing Control 


to a great extent the use of relays. The resistance-capa- 
citance timing circuits in these controls have definite short- 
comings and limitations, as the accuracy of the overall 
timing is dependent upon the accuracy and stability of 
the resistor and capacitor, and the power supply. Any 
change in environment which may affect the value of 
these components would change the timing. In a control 
having numerous sequential timing operations, cumulative 
> per cent errors would result in major total deviations. 

To overcome the inherent defects in this type of tim- 
ing circuit, work was initiated on a new concept of con- 
trol, that of timing by counting. Since all resistance weld- 
ing machines are operated from alternating current 
power, and as the welding current should be applied 
and interrupted in terms of number of cycles rather than 
in elapsed time, it appeared logical to count cycles of 
the line frequency for control. In this way the period 
measurement would be as accurate as the line frequency 
which is generally maintained within very close toler- 
ance. Normal changes in line voltage and in components 
would not affect the measurement. The use of one 
counter applied successively for control of a number of 
welding cycle functions also became a possibility with the 
cycle-counting approach, which is desirable for economy 
and simplicity. 

The concept of counting cycles rather than measuring 
elapsed time led quite naturally to the possiilibty of using 
the various versatile digital techniques which have 
evolved recently. The adaptation and special develop- 
ment of these techniques for resistance welding control 
purposes resulted in a new line of controls for seam and 
spot welding machines. The controls have been arranged 
so that each type of circuit is in a standard plug-in chas- 
sis so that groups of chassis may be combined to give 
the desired sequence of control as required on a partic- 
ular machine. Additional machine functions may be added 
as desired merely by plugging in additional chassis. Ex- 
perience with over a hundred machines utilizing these 
controls in critical jet engine production has demon- 
strated the soundness of the techniques outlined above. 

Numerous major advantages have derived from this 
new welding control concept. The timing of each func- 
tion is more exact by virtue of using the power supply 
frequency, so that there is precise agreement between 
control dial setting and the function interval produced. 
This is a consequence of counting in terms of absolute 
units and the setting of function duration is made by 
selector switches with dials calibrated in digital units to 
be counted. Stability and reliability are enhanced by the 
simplicity of the basic principle and the detail design. 
The control has been broken down into a number of eas- 
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ily understood circuit elements. and the use of standard- 
ized plug-in units facilitates removal of circuit sections 
for servicing or routine preventive maintenance inspec- 
tion. Because of the use of circuits which are not de- 
pendent upon the exact value of resistors or capacitors, 
it was possible to dispense with adjusting potentiometers 
to correct for variations in component values. Variations 
in line voltage of +12'% per cent are also tolerated with- 
out affecting the timing of welding operations. The net 
result is to permit the standardization of machine settings 
so that the same settings may be used on all machines 
when welding similar materials. 

Cycle Counting. For welding control in the past. 
there have been used manually operated counters. elec- 
tro-mechanical step-by-step switches. electronic counting 
circuits using flip-flop circuitry, vacuum and hot or cold 
cathode gas tube counting systems using one tube per 
count, and hot cathode vacuum and cold cathode multi- 
electrode tubes which could count in units of ten. In the 
latter type, the cold cathode type glow transfer tube 
known as the Dekatron appeared to have the character- 
istics required to develop a control of the type desired. 

The Dekatron tube is constructed with a common anode 
and a multiplicity of cathodes. One type is produced 
with 10 individual cathodes which are brought out for 
external connection, Fig. 1. Between the cathodes are 
placed two additional cathode elements called guide 1] 
and guide 2. All of the guide 1 elements. and all of the 
guide 2 elements are internally connected together with 
the common connections for each group available exter- 
nally. If connected as in Fig. 2, with the application of 
approximately 400 volts between anode and the common 
cathode connection, one of the cathodes will become con- 
ductive. In the quiescent state the cuide elements are 
maintained at a positive potential above that of the cath- 
ode. If a negative pulse is introduced to the common 
guide 1 terminal. the glow will transfer from the active 
cathode to the adjacent guide 1 element. If. as the pulse 
is being removed from guide 1, there is applied a second 
pulse to the guide 2 terminal. the glow will transfer from 
the guide element to the adjacent guide 2 element. When 
the pulse is removed from guide 2, the glow will then 
transfer from guide 2 to the closest cathode. since the 
guides are maintained more positive than the cathodes. 
In this way by the application of successive impulses to 
guide 1 and guide 2. the glow may be transferred from 
cathode to cathode within the tube. A voltage is devel- 
oped across the resistor in the cathode circuit of a par- 
ticular cathode during the time when it is passing cur- 
rent. This voltage may be used with an amplifier to 
deliver a signal for purposes of machine control. 








Cycle Counting for 
Digital Timing Control 


(Continued ) 
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Fig. 1—Arrangement of elements in Dekatron switching tube. 
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Fig. 2—Basic Dekatron circuit. 


In specific control circuit combination, pulse counting 
circuits and commutating stepping circuits are utilized in 
order to obtain the desired sequence of operations. For 
example, the control illustrated by a block diagram in 
Fig. 3 is utilized for a three-phase spot welder having 
the following general timing functions: squeeze, preheat. 
weld, quench, postheat, hold, and offtime, along with a 
parallel forge delay timing circuit. All of the welding per- 
iods are measured in terms of pulses, and all other func- 
tions are measured in terms of cycles of line frequency. 
lherefore there are three periods in the general sequence 
control during which pulses are counted and four periods, 
exclusive of forge delay, which are measured in cycles. 
The system in general consists of five major divisions. 
These are overall function stepping timing, a cool, heat. 
and current decay timing. a forge delay timing and valve 
operating circuit. rectifier pulse forming and firing, and 
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a relay sequence including time delay, safety, head re- 
traction and foot switch circuits. 

In the quiescent state, the Dekatron system is at rest 
in the cool function, with the Dekatron preset for the 
cool time count. When the pulse forming gate is opened, 
the Dekatron receives pulses which cause the glow to 
transfer from the preset position as each pulse at line 
frequency is delivered. At the end of the preset cool 
time count an output pulse is delivered from the Deka- 
tron to the cool, heat, current decay function stepping 
circuit which switches to the heat position. When this 
switch is made, a reset pulse is delivered to the Deka- 
tron which sets the glow at the proper cathode for the 
heat time count. Pulses at a line frequency rate continue 
to be delivered to the Dekatron, and after the preset 
heat time, an output pulse is delivered from the Deka- 
tron to the function stepping circuit which switches from 
the heat stage to the current decay stage at which time 
a reset pulse is delivered to the Dekatron which presets 
the glow for the current decay time. At the end of the 
proper number of cycles a pulse is again delivered to 
the function stepping circuit which switches the circuit 
from the current decay stage to the cool stage. At this 
time a pulse is delivered to the reversing circuit which 
switches and shifts the pulses coming from the pulse 
forming network by 180 deg. These pulses step the Deka- 
tron which has been reset for the preset cool time count, 
and the circuit continues to operate as above. After each 
current decay time, the pulses coming from the pulse 
forming network are switched 180 deg. 

The function stepping section consists of a pulse form- 
ing network, Kekatron reset circuits, and function step- 
ping circuits, as in the cool, heat, current decay system, 
with the addition of a number of gating circuits. One 
vating circuit has the function of turning on and off the 
pulse forming network feeding the function stepping cir- 
cuit and the second group of gating circuits control the 
pulse forming network of the cool, heat, current decay 
circuit. The pulse forming circuit No. 1 can accept pulses 
from two sources: pulses at 60 cycle rate from the line, 
and pulses at the repetition rate of cool, heat, current 
decay sequence that are developed at the beginning of 
each cool time. 

Gate No. 1 allows pulses to be delivered at line fre- 
quency when the function stepping circuit is in either 
the squeeze. quench, hold or offstage. Gate No. 2 allows 
pulses at line frequency rate to be delivered to pulse 
forming circuit No. 2 when the function stepping circuit 
is either in the preheat, weld, or postheat stage. When 
the system is at rest, the function stepping sequence is 
in the squeeze stage and the Dekatron has been preset 
for the squeeze time count. The squeeze time gate is 
held closed by means of a manual switch. When this 
switch is thrown, the squeeze time gate is opened and 
pulses at line frequency are delivered to the Dekatron 
which steps along at a line frequency rate. 

Pulses are delivered to the Dekatron until the preset 
squeeze period is over at which time an output pulse is 
delivered to the function stepping circuit which switches 
to the preheat stage. A reset pulse is delivered to the 
Dekatron to preset it to the desired number of preheat 
pulses. Gate No. 1 is closed, thus stopping the delivery 
of pulses at line frequency from pulse forming circuit | 
to Dekatron 1 and gate No. 2 is opened: allowing pulses 
at line frequency to be delivered to the cool, heat, cur- 
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Block diagram, seven-function control system for welder. 




















Dekatron tube circuit. At the end of each 
current decay period when the switch is made from the 


rent decay 


current decay to the cool function, a pulse is delivered 
to pulse forming circuit 1 which in turn delivers a pulse 
to the Dekatron. At the end of the preset number of 
pulses the Dekatron sends a pulse to the function step- 
ping circuit which moves to the weld stage. Gate No. 2 
is kept open and the cool, heat, current decay Dekatron 
continues to operate as before described. At the end of 
the preset number of weld impulses, the function step- 
ping circuit switches to the quench time, turning off gate 
No. 2 and turning on gate No. 1. Pulses at line frequency 
rate are then delivered to Dekatron No. 1 for the propet 
number of cycles after which the circuit switches to the 
postheat stage. In this stage. gate No. 2 is opened and 
gate No. 1 is closed so that the cool, heat, current decay 
circuit operates again. At the end of the proper number 
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of postheat pulses, the function stepping circuit switches 
to the hold time at which point gate No. 2 is closed and 
gate No. 1 opened. At the end of the preset number of 
cycles of hold time the Dekatron delivers a pulse to the 
function stepping circuit which switches to the offtime. 
If the sequence is in non-repeat, the system will remain 
at rest until the foot pedal is released at which time the 
sequence will be preset to the squeeze time ready fo1 
the next weld. 

The forge delay circuit consists of a forge delay con- 
trol, pulse forming network, Dekatron, and associated re- 
setting circuit. a vernier time delay having a one-cycle 
duration, and a valve-control circuit. The forge delay con- 
trol may be initiated in advance of the welding impulse 
when the machine is used for single impulse welding as 
when welding aluminum, or at the end of the last weld- 
ing impulse when the machine is used for multiple im- 
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Cycle Counting for 
Digital Timing Control 


(Continued ) 


pulse welding. A pulse at either of these times initiates 
the forge delay control which opens up a gating circuit 
thus allowing pulses at line frequency to be delivered 
to the Dekatron tubes. At the end of the preset time 
interval, a signal is sent to the forge delay vernier which 
times out in 1110 cycle steps after which time a pulse 
is sent to the valve control which initiates the valve ac- 
tion, thus causing a pressure change for the recompres- 
sion. The forge delay control is turned off by a signal 
at the end of the hold time and the forge delay Deka- 
tron is preset at the beginning of the squeeze time. 
The rectifier pulse forming circuit receives signals from 
the cool, heat, current decay and reversing circuits in 
order to fire the two rectifiers, TH bank and THA bank 
in sequence (Fig. 3). Gating signals are delivered from 
the function stepping circuit, which allow peaking signals 
at the proper phase angle to be delivered to the rectifier 
at each of the periods during which time the rectifier 
is to be fired. Three separate levels of heat may be de- 
livered during the preheat, weld, and postheat periods. 


Component Circuits. Figure 2 and its description 
show how the Dekatron counting tube can be made to 
step from one cathode to the next by applying suitable 
voltages to the guide electrodes. The block diagram 
illustrates how the Dekatron and a number of basic 
circuits are combined to form the overall machine control. 

The counting and decade transfer circuit is shown in 
Fig. 4. Pulses from a pulse-forming network are applied 
to the unit-counting Dekatron and conduction is trans- 
ferred from cathode to cathode. When the slow is formed 
at cathode 10, the voltage drop developed across its 
cathode resistor will lift the potential on the grid of the 
12AX7 tube so that it will conduct. The start of conduc- 
tion of the 12AX7 through transformer TR-52 generates 
a pulse across the secondary. When the glow is trans- 


Fig. 7—Pulse-forming and gating circuits. 
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Fig. 4—Decade counting circuit. 


ferred from cathode 10 to the next cathode in line, the 
current flow through the 12AX7 and transformer TR-52 
ceases, and a second pulse is developed across the sec- 
ondary of TR-52. This pulse is delivered to the guides 
of the succeeding tube in order to count 10’s. A pulse- 
forming system of this type is used to transfer the count 
from one decade to the next. 

Figure 5 is the sequencing circuit. At the end of the 
count when the last cathode of the last Dekatron is 
reached, a pulse is formed which is delivered to the 
sequencing or function stepping circuit. A negative pulse 
is delivered to the grid of the 6AN5, tube which mo- 
mentarily stops conduction of the 6AN5 and any one of 
the 2D21 tubes which may have been firing. Suppose 
the first 2D21 had been firing—the grids of all other 
2D21’s in the chain are held negative by the voltage 
drop across the 6AN5. The capacitor between the 2D2] 
which is firing and the grid of the next tube in line is 
held at a low voltage level. With the stopping of conduc- 
tion of the 6AN5, the plate of the 2D21 is brought to 
the B+ potential and the capacitor starts charging 
through the plate resistor of the tube which had been 











Fig. 8—Sequence and gating circuits. 
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Function stepping circuit. 


firing and the grid resistor so that as soon as the grid 
of the 6AN5, becomes conductive again this second 2D21 
will fire. With each succeeding pulse directed to the grid 
of the 6AN5, the conduction will step from one 2D2] 
to the the next in line. 

In the plate circuit of each 2D21 is a transformer 
across which is developed a pulse at the start of conduc- 
tion of the 2D21. This pulse is directed to the reset 
circuit shown in Fig. 6. The reset circuit consists of a 
triode or group of triodes whose plate load is the partic- 
ular cathode resistor in the Dekatron counting circuit to 
which we desire to reset. The cathode is selected by 
means of a 10-position selector switch. If, for example, 
we wish to count 234 pulses, the unit Dekatron would be 
set by the selector to the fourth cathode from the last. 
The 10°s Dekatron selector switch would be set to the 
third cathode and the 100’s Dekatron selector switch 
would be set to the second cathode. At the instant a 
reset pulse was sent from the function stepping circuit 
to the grids of the 
transferred immediately to these 


cathodes. Pulses gen- 


erated in the pulse-forming and gating circuit. Fig. 7, 


3 é To Dekatron 


Reversing 
circuit 
300v 


Fig. 9—Reversing, pulse-forming and gating circuits. 
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resetting tubes, the glow would be 


Fig. 6—Reset circuit. 


would now be delivered to the guide network of the 
unit Dekatron, and after the receipt of 234 pulses the 
output circuit 100’s Dekatron would deliver a negative 
pulse to the sequence or function stepping circuit. This 
would cause conduction to switch from one thyratron to 
the next in that circuit, at which time a pulse would be de- 
livered again to the reset circuit which, through a sec- 
would reset the Dekatron 
cathodes to the desired preset count for this next function. 

The pulse-forming circuit shown in Fig. 7 consists of 
a 6SN7 tube. 
pulses at line frequency rate—the second section being 
used to form pulses at the rate at 


ond set of selector switches. 


one section of which is used to develop 


which pulses of sec- 
TR-21 is a secondary of a 
transformer which delivers pulses at the rate at which 


ondary current are delivered. 


pulses are formed in the secondary of the welding ma- 
chines. Transformer TR-]1] delivers pulses to the second 
half of the 6SN7 at line frequency rate. Both sections of 
the 6SN7 are held off by a suitable bias in the grid 
cathode circuit. In series with the grid cathode circuit of 
Section 2 is the plate load for the gating tubes of gate 


(Continued on page 115) 
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Fig. 10—Solenoid valve initiation circuit. 





High-Nickel Alloy 
Spring Materials 





= 
300 


400 


Temperature 


Fig. 1—-Comparative relaxation of spring materials at various 
operating temperatures. 


Table I—Maximum Operating Temperature of 
Spring Wire Materials 


Max. 
recom- 
mended 
temp. 
deg F 


Hard drawn steel (SAE 1350, 13600 400 
Music wire (SAE 1085, 1090) 250 
Chrome-vanadium steel (SAE 6150 425 
Stainless, Type 302 550 
Stainless, Type 414 450 
Inconel 650 
*“K"’ Monel 450 
Duranickel, age-hardened 650 
Inconel “X’’, spring temper + 1200 F for 4 hr 800 
Inconel “X"’, spring temper, 1350 F for 16 hr 1000 


Material 
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Under both high and low temperature con- 
ditions called for in today’s electrical and 
electronic components. high-nickel mate- 
rials often outperform low alloy or carbon 
steels which have superior properties at 
room temperature for spring applications. 
Relaxation at high temperatures is a par- 
ticularly important factor favoring the 


high-nickel alloys. 


STAFF REPORT prepared in cooperation with the 
Development and Research Division, 

The International Nickel Company, Ine. 

New York City 


MANY ELECTRICAL AND ELECTRONIC COMPONENTS require 
springs to operate under severe temperature and corrosive 
conditions as well as under heavy static and cyclic loads. 
While several spring materials can satisfy any one of 
these requirements, only a very few will function satis- 
factorily when two or more are present. It is for such 
combinations of severe operating conditions that the high- 
nickel alloys have proved their primary usefulness. These 
include such general purpose alloys as Monel nickel- 
copper alloy, high strength materials such as Inconel,* 
and high-temperature, high strength compositions such 
as Inconel “X”.* Also included are spring alloys which 
can be formed soft and then age-hardened as, for ex- 
ample, “K” Monel,* Duranickel* and Permanickel.* For 
electrical applications some of these compositions have 
desirable properties such as being non-magnetic or hav- 
ing low electrical resistivity. 

Temperature Resistance. Springs must now function 
over a much wider range of temperatures than ever 
before. For example, in aircraft electrical switches a 
spring may be required to retain its load-deflection char- 


acteristics over the range of —60 F to 1000 F. Under 


Trademark. The International Nickel Compat Inc 
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Table Il—Typical Mechanical Properties of Nickel Alloys at Low Temperatures 


Yield str. 
Temp. 0.2% offset 


Material deg F psi 


Condition 


Nickel Cold drawn Room 97,400 


110 101,800 
Cold drawn Room 93,700 
110 100,850 


Cold drawn, Room 29,900 
annealed 112 36,750 
323 52,300 


125,900 
134,600 


Cold drawn, Room 
age hardened 110 
“é ig 

Monel 


Cold drawn Room 90,000 


300 138,500 


Inconel Cold drawn Room 147,700 


110 154,900 





Inconel Age hardened Room 
sox” 109 
320 


120,000 


Table tll—Change in Elastic Modulus of Various 
Alloys With Temperature 


Elastic modulus 
at 68 F, psi 


Change in modulus 
per cent (—50 to 150 
F) 


Material 


Ni-Span C 
Inconel *X"’ 
Carbon steel 
Monel 

Beryllium copper 
Phosphor bronze 
Type 302 stainless 


27,000,000 
31,000,000 
30,000,000 
26,000,000 
18,000,000 
15,000,000 
28,000,000 


such conditions. the choice of materials must be governed 
by the physical properties of the wire at the operating 
temperature. As shown in Table I. 
other highly alloyed steels are not 
mended for service above 550 F. Inconel “X” 
the few alloys suitable for 1000 F or higher. 


even the stainless 
steels and recom- 


is one of 


In addition to knowing the maximum temperature at 
which a given material may be used. the designer should 
also consider the effect of temperature on physical proper- 
ties within the allowable range. At elevated temperatures 
all materials exhibit a loss in load-carrying capacity. 
or relaxation. To date, only a very limited amount of 
data has been available for this characteristic. Creep 
data, though readily available, is not directly applicable. 
Creep is defined as an increase in deflection under a 
constant load. whereas relaxation is a gradual load loss 
under constant deflection, so there is no straight-forward 
method of converting one type of data into the other. 

The relaxation characteristics of spring materials are 
of particular importance in many electrical applications. 
Inability of a spring to retain enough of its load capac- 
ity at elevated 


temperatures can result in complete 


failure of a mechanism or product. Comparative data 
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Tensile Elong. Reduction 
str. XY in in area 
psi 2 in. Y, 


Hardness 
Rockwell 


103,400 16.3 66.9 19C 
112,300 21.5 €0.9 22C 


103,800 19.0 71 19C 
117,450 21.8 72 25C 


82,700 
95,300 
120,400 


157,300 
171,550 


120,000 
158,500 


152.100 
1€3,900 


180,000 














for the relaxation properties of different materials are 
compiled in Fig. 1. These data list combinations of 
temperature and stress that will result in a load loss of 6 
per cent This 
limit is generally accepted as the maximum allowable 
relaxation for all but very special applications. 


over an exposure time of seven days. 


From these curves it may be seen that the load capac- 
ity of music wire and copper-base alloys falls off rapidly 
as temperatures increase above room temperature. With 


an allowable 60.0000. psi. 


stress of chrome-vanadium 


steel is useful up to 425 F. Monel nickel-copper alloy 
up to 510 F. and Type 302 stainless up to 550 F. At 
higher temperatures Inconel and Inconel “X” 
the few 


are among 
alloys that retain enough of their room-tempera- 
ture strength to be highly 


At 50.0000 psi. Inconel spring wire retains its strength 


useful fon loaded springs. 


and load capacity at service temperatures up to 650 F. 
Inconel “X” 


temperature mechanical properties at temperatures up to 


retains about 90 per cent of its room 
950 F and about 80 per cent of these same properties 
up to 1100 F. 

Material selection for subzero operation may be even 
more critical than that for elevated temperatures. Many 
ferrous and other spring metals tend to become brittle 
at low temperatures and hence subject to failure from 
impact loads. Most high-nickel alloys, however, exhibit 
progressive increase in strength and ductility without 
significant change in toughness at temperatures below 

100 F (see Table If). As shown in Table III, values 
of elastic moduli for these alloys decrease with increas- 
ing temperature. 

Corrosion Resistance. Corrosive environments are 
often a dominant factor in the selection of spring wires. 
Typical applications where such conditions may exist 
include industrial switches and relays. mechanisms for 
electronic components and many electrical appliances. 

In addition to overall corrosion. which is usually ex- 
pressed in terms of loss in weight or size, care must 
be exercised to exclude materials that may have a tend- 
ency to pit under operating conditions. These pits act 
as stress raisers. and under high stress and cyclic or 
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shock loading. may cause premature failure. Although 
pits of a few thousandths of an inch in depth may be 
tolerated on a large diameter wire under relatively 
static loading conditions, they are extremely detrimental 
on a fine diameter wire operating under high stress or 
cvclic stress service. 

Carbon steel, music wire and chrome-vanadium steel 
are not recommended for corrosive duty. Type 302 
stainless has excellent corrosion resistance. Both phos- 
phor-bronze and beryllium copper are corrosion resistant 
but the former is limited to low and medium strength 
applications and the latter may be more expensive than 
stainless steel. Monel nickel-copper alloy has excellent 
corrosion resistance and is an extremely useful spring 
material in the moderate stress-temperature range. Its 
ease of fabrication makes it especially well suited for 
flat springs operating under these conditions. 

Similarly, Inconel, Inconel “X”, and the other high- 
nickel alloys all have excellent resistance to corrosion. 
However, for critical corrosive applications involving 
highly stressed springs or rapid load cycling, test runs 


Table IV—Physical and Mechanical 
Properties of Permanickel 


Physical Properties 


Density, Ib /cu in. 


Thermal conductivity, Btu /sq ft/hr/deg F/in. at 
32.212 F 400. 


Mean thermal expansivity, in./in./deg F at 72- 
212 F 


Magnetic transformation temp, deg F 


Modulus of elasticity 
in tension, psi 30 x 10° 
in torsion, psi 11 x 10° 


Mechanical Properties (Room Temperature) Hot rolled, age 
hardened 


Tensile strength, psi 185,000 
Yield strength, 0.2% offset, psi 132,000 
Elongation, % in 2 in. 28.0 
Red. of area, % 55.5 


0.316 


7.2 x 10° 
600 /563* 


lening 


Table V—Typical 


Electrical Properties of Some 
Spring Materials 


Coef. of electrical 

Electrical resistivity 
cond. 

per cent 


of copper 


Electrical 
Resis- 


Per deg C | Per deg F 
Alloy tivity * 


(20-100 C) (68-212 F) 


0.0019 
0.0018 
0.001 
0.001 
0.00012 


Monel 290 4 
“K"’ Monel 350** 3 
Duranickel 260** 4 
Permanickel 100** 11 
Inconel 590 1.5 
Inconel **X”’ 750** 1 
Ni-Span C 480** 1.7 
Beryllium copper 

(ASTM-B120) 50 22 
Phosphor-bronze 57.5 0.00059- 

(SAE 81) 827 


0.0011 
0.0001 
0.006 
0.00007 


0.00031 


Fig. 2 


on prototype models or sample springs are generally 
recommended before design dimensions are fixed. 


Electrical Conductivity. For springs that must carry 
current as well as store mechanical energy, one material 
that is often used is Permanickel, an age-hardenable 
alloy with electrical properties approaching those of pure 
nickel. Typical physical and mechanical properties fot 
this alloy are given in Table IV. The data in Table V 
compare the electrical properties of several different 
spring materials. 

If mechanical requirements are critical, it is generally 
advisable to avoid current-carrying designs. Spring 
design tends to be so complex in such instances that it 
may be far better to add a copper shunt to carry the 
current rather than attempt to satisfy all requirements 
with a single metal. 


Magnetic Properties. In some applications. it is es- 
sential that a spring be non-magnetic over a wide range 
of temperatures. In aircraft and missile equipment, for 
example, a magnetic material would cause disturbances 
that might affect radar and other instruments. In the 
marine field, mine sweeping equipment must be as com- 
pletely non-magnetic as possible. In at least one instance, 
an entire mine-sweeper was designed from non-magnetic 


materials. In other electrical and electronic equipment, 


the non-magnetic property is important in eliminating 
eddy currents. 

Among the non-magnetic spring materials. phosphor 
bronze and beryllium copper are useful for moderate 
stress and temperature conditions. Non-magnetic nickel- 
base alloys include 403 Monel, “K” Monel, Inconel and 
Inconel “X” 
conditions and becomes non-magnetic at temperatures 
above 120 F. Age hardening increases the magnetic 
properties slightly and raises the transformation tempera- 
ture to about 200 F. Properties of several useful nickel- 
base alloys 


Duranickel is slightly magnetic in soft 


for applications requiring non-magnetic 
properties at subzero temperatures are graphed in Fig. 
2. These alloys are particularly suitable where strength 
and toughness are required as well as the non-magnetic 
properties. 


Temperature, deg C 
2—-Magnetic properties of some nickel alloys at high and 
low temperatures. 
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Table Vi—Allowable Stresses for Nickel Alloy Wire at Elevated Temperatures 


Heat treatment 


Maximum stress (psi x 1000) for temperature range (deg F) indicated 


Up to | 400 to | 500 to | 600 to | 700 to | 750 to | 800 to | 850 to | 900 to | 950 to 


Alloy Wire temper 400 500 


40 


after coiling 


Monel Spring 60 
65 


Age-hardened 65 


Stress-relieved 


Spring Age-hardened 
“sé are 


Monel Hot-rolled 


Spring Age-hardened 70 


Dura- 
nickel 


Hot-rolled 70 


75 


Age-hardened 


Inconel 


Spring Stress-relieved 


Inconel X | Spring Age-hardened 
No. 1 temper, 


>.’ and under 


Age-hardened 70 70 
Inconel 
“XX” or 
ad Hot-rolled, 


over ’. 


Age-hardened 70 70 


‘Stresses may be increased by cold 
>For short time only. 

"Use lowe relaxation; 
“Coiling temperature important high values. 


alues include Wahl Factor 


pressing not recommended generally for 


r value for minimum and higher value where 


and are based on 5 after 7 


per cent relaxation 


Design Considerations 


Most steel springs are designed on the basis of working 
stresses between 90,000 and 100,000 psi. These values 
exceed the limits of all the high-nickel alloys, except 
Inconel “X”. Allowable design stresses for these materi- 


als in wire form for elevated temperature service are 


600 700 750 800 850 900 950 | 1000+ 


| 


| 
| 


For relatively high relaxation rate with time, 


consider Duranickel or Inconel 


75 


€0-€5 50-55 | 40-50 | 35-50 


60-65 50-55 | 40-50 |35-50 


elevate 


higher relaxation can be 


i » 
lays € 


given in Table VI. These values should not be exceeded 
except where past experience has proved them to be 
conservative. Other physical property data are given in 
Table VII. 

At room temperature, the endurance limit and fatigue 
strength values of the high-nickel alloys are considerably 
lower than those for music wire and other spring steels 


Table Vil—Tensile and Torsional Properties and Fatigue Strengths of Nickel Alloy Helical Springs 


(0.148-in. diam wire) 


Thermal treatment after cold coiling 


Monel 
(Spring-temper wire, 
75 per cent reduction) 


As-drawn 
Stress-equalized 525 F/3 hr 
575 F/1 hr 


*“K" Monel 
(Spring-temper wire, 
65 per cent reduction) 


As-drawn 
Stress equalized 525 F /3 hr 
Aged 980 F 6 hr, plus 900 F/6 hr 


As-drawn 
Aged 980 F 6 hr, air cooled 


Duranickel 
(Spring-temper wire, 
65 per cent reduction) 


As-drawn 
Stress-equalized 400 F/1 hr 
Inconel Stress-equalized 600 F/1 hr 
(Spring-temper wire, Thr 
h 


Stress-equalized 800 F 
65 per cent reduction) 


Stress-equalized 900 F/1 hr 
Stress-equalized 1000 F/1 hr 


strength, 


Fatigue strength or 
Stress range of springs 
0 psi 
(Curvature correction factor 
included) 
No. of cycles 


Properties of wires 


Torsional 
propor- 
tional 
limit, 
psi 


| Torsional 

breaking 

strength, 
psi 


Tensile 


psi 10° 10’ 108 


Initial stress—10,000 psi 


156,800 
175,000 
167,000 


110,300 
110,100 
104,900 


67,900 
61,100 
64,700 


45.000 35,500 24,500 


162,500 
171,800 
197,000 


106,300 
107,200 
137,200 


67,500 
67,500 
74,600 44,000 
126,700 
139,700 


174,800 
225,000 


70,200 


76,200 35,000 


74,000 
73,900 
73,000 
71,400 
66,000 
61,100 


115,000 
119,000 
121,500 
121,900 
123,900 
119,100 


172,000 
181,000 
191,000 
194,000 
193,000 
190,000 


27,500 
30,000 
31,000 
32,000 
30,000 


45,000 33,000 


50,000 35,000 


Initial Stress—20,000 psi 
{ 


Monel 
**K"’ Monel 
Duranickel 
Inconel 
Inconel 
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Stress-equalized 525 F /3 hr 
Aged 980 F/6 hr, plus 900 F/6 hr 
Aged 980 F/6 hr air cooled 
Stress-equalized 600 F/1 hr 
Stress-equalized 900 F/1 hr 


175,000 
197,000 
225,000 
191,000 
193,000 


110,100 
137,260 
139,700 
121,500 
123,900 


61,100 
74,600 
76,200 
73,000 
66,000 


59,000 
59,500 | 
55,000 | 
55,000 
60,000 


49,000 
51,000 
45,000 
40,500 
42,500 


46,000 
47,000 
44,000 
40,000 
42,000 


105 





where the tensional and torsional moduli are identical. 
For service at elevated temperatures or in corrosive 
atmospheres, however. this advantage may no longer 
exist. Whereas the endurance limit of most steel alloys 
decreases sharply at elevated temperatures (SAE 9260, 
for example, retains only 50 per cent of room tempera- 
ture values at 930 F). the fatigue strength of Inconel 
“\" increases gradually up to 1000 F as shown in Fig. 
». Table VIIL compares endurance limits of high-nickel 
alloys in air and various corrosive media. 

Shot peening is widely used to increase the allowable 
design stress and fatigue strength of carbon and alloy 
steels. but is not equally effective with the high-nickel 
alloys. As shown in Table IX, alloy steels may be im- 
proved by as much at 50 to 100 per cent, whereas 30 
per cent is a typical improvement for high-nickel alloys. 
For corrosive service, steel shot peening is not recom- 
mended for nickel alloy springs unless particular care is 


Table Vili—Comparison of Endurance Limit in Air 
and Apparent Corrosion Fatigue Limit in Various 
Corrosive Media 


All values based on 100,000,000 cycles 


Bar stock 
10,000 Endur- 
r.p.m. ance 
polished limit Dis- 
speci- Con- in air Fresh Sea tilled 
mens dition psi water water water 


Apparent corrosion 
fatigue limit,* psi 


Monel Cold- 
drawn, 
stress- 
equalized 


800 F 3 hr 


Annealed 
1400 F/1 
hr 29,000 


Monel 


29,000 


Monel Cold- 


drawn 


a” Hot- 

Monel rolled, 
aged 1080 
F/16 hr 


Dura- 
nickel 


Cold- 
drawn, 
aged 1080 
F/16 hr 


37,500 28,000 


Dura- Hot- 

nickel rolled, 
aged 1080 
F/16 hr 


Inconel Hot- 
rolled 


Cold- 
stress- 
equalized 
900 F,1 hr 


Inconel 


45,000 


Annealed 
Cold- 
rolled 


36,000 | 21-24,000 | 20-22,000 
21-24,000 | 27-29,000 


16-24,000 


50,000 


25-42,000 6-8,000 


used to assure complete cleaning afterwards. Minute 
particles from the steel shot may become embedded in 
the surface of the wire and serve as focal points for 
concentration-cell corrosion. 


Heat Treatment of Nickel Alloys 

Five different thermal treatments are used in the work- 
ing of high-nickel alloys and the processing of springs. 
These include: 
1. Stress Equalizing. Heating springs at temperatures of 
575 to 900 F after cold coiling increases their capacity 
to withstand higher stresses and to have a longer fatigue 
life. These beneficial effects result from relief of residual 
coiling stresses. Heating stabilizes the stress-strain curve 
a slight 
hardness, tensile strength. proportional limit and endur- 


for uniform moduli and causes increase in 
ance limit. Specific values of time and temperature are 


listed in Table X for each of the high-nickel alloys. 


Table IX—Shot Peening vs Endurance Limit Tor- 
sion Stress—20 to max. 


Endurance limit at 10° cycles 


Surf condition Asrec’d psi Shot peened psi 
Music wire, 
SAE 1095 
Carbon steel, 
0.850 
Stainless steel 


18-8) As drawn 


As drawn 90,000 135,000 


As drawn 95,000 


135,000 


65,000 110,000 


Table X—Thermal Treatments for 
Nickel Alloy Springs 


Cold-Coiled 


Stress-equalizing 
Temp, Time, 
deg F hr 


Age-hardening 
Temp, Time, 
Material deg F hr 
Monel 575 15-1 Impossible 
*“K’’ Monel 575 5-1 1100 4-10 
Duranickel 575 15-1 1000 4-10 
Ni-Span C 750 3-4 1350 4-10 
Inconel 700-900 1 Impossible 
Inconel **X""' 875 3 1200 2-4 
Inconel ‘*X’’‘s 1350 16 


— Fatigue strength | 


108 Heot treatment 
4hr at ZIOOF 
24 Ar at ISSOF 


2OhAr at IZOOF 


800 1000 ~=61200 1400 1600 
Temperature, deg F 
Fig. Effect of temperature on fatigue strength of Inconel 


“_ s 


cycles 
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2. Stress-Relieving for Uniform Moduli. This relates to 


heating at temperatures of 900 to 1300 F for cold-worked 
materials, depending upon the alloy. It reduces or 
relieves a major portion of the internal stresses result- 
ing from cold working and stabilizes the stress-strain 
curve for more uniform moduli values. 

3. Soft Annealing. This thermal treatment is used to 
produce sufficient softening to make additional cold work- 
ing practical. Temperatures range from 1400 F for 
Monel to 2100 F for Inconel “X.” 
k. Age-Hardening. This treatment is applied only to 
precipitation-hardening alloys in order to relieve stresses 
and increase properties. Table XI lists 
optimum values of temperature and time for the various 
alloys. 


mechanical 


9. Solution Annealing. This is a special high tempera- 
ture treatment for Inconel “X” springs only. and de- 


velopes maximum resistance to relaxation at 1000 to 1200 


Components for Printed Wiring 


(Continued trom page 95) 


of the printed board are widely used in commercial elec- 
tronic computers. It has been found that connections re- 
lying on direct pressure contact with printed wiring of 
the line spacing ordinarily used are not always acceptable 
for military use since it is difficult to protect the exposed 
portions of the printed wiring against contamination and 
moisture encountered in military applications. Also, con- 
tact pressure is a function of board thickness thereby 
varying the contact resistance and the insertion and 
withdrawal forces. Difhiculties in field use may develop 
because of inherent moisture and contaminant traps. The 
design of the developed plug and receptacle shown in 
Fie. 5 was evolved to overcome these objections. The 
plug and receptacle are rated at 350 volts, rms. and 
features a five-four pin grouping arrangement to prevent 
reverse mating. The assembly permits board-to-board or 
board-to-wiring connections. Adequate spacing between 
contacts precludes bridge-over during dip soldering. 
Guide pins. in the form of silver-plated beryllium-copper 
banana plugs. are provided and may be used as conduc- 
tors where exceptionally low contact resistance is needed. 
Radio frequency use is possible by substituting appro- 
priate coaxial connectors for the guide pins. The insu- 
lator bodies are of Resinox 10900 natural phenolic and 
the 0.04-in. diam plug pins are hard-drawn silver-plated 
brass. The receptacle contacts are of heat-treated silver- 
plated beryllium copper. Under rigorous testing. the 
plugs and receptacles successfully withstood 250 inser- 
tion and withdrawal cycles without loss of good electrical 
and mechanical characteristics. 

Rotary Switch. Although a simple-pole six-position 
switch was obtained under the development program. 


other switching combinations can be evolved without 


Photo- 
etching the desired switching pattern on a phenolic rotor 


resorting to redesign of the basic switch. (2) 
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F. It consists of heating at 2100 F for 2 hr, air cooling, 
reheating at 1550 F for 24 hr, holding at 1300 F for 
24 hr and air cooling. 

For service temperatures of 800 to 1000 F. it is 
generally recommended that Inconel “X” springs be cold 
coiled from No. | temper wire (130.000-160.000 psi 
tensile strength) followed by aging at 1350 F for 16 hi 
Inconel “X” 
in the spring temper and aged condition is generally 
satisfactory. 


For service temperatures up to 650 F, 


All high-nickel alloys can be fabricated on conventional 
machines used for helical, flat and leaf springs. Springs 
made from wire over “4 in. diam are usually wound hot 
on coiling machines equipped with arbors and _ spiral 
pitch tools. Similarly, where brazing, welding or some 
other method of fabrication is required, the nickel alloys 
can be handled with conventional types of equipment. 


WV VY 


disk and selecting appropriate combinations of long and 
short terminals makes the changing of switching char- 
acteristics a relatively simple matter. A large number 
of switching combinations arrangements are possible. 
The switch has performed satisfactorily after 10,000 
cycles of operation at the assigned rating of 0.1 amp 
and 50 volts d-c. Etched metal pads on the rotor disk 
effectively establish a continuous metal-to-metal contact 
throughout rotation and reduce the formation of detri- 
mental phenolic dust from the sliding action of the con- 
tacts directly on the phenolic rotor disk. The metal hous- 
ing is stamped to provide three equally spaced mounting 
prongs to securely anchor the switch to the printed board. 
Figure 6 shows assembled and disassembled views of this 
switch as well as an outline drawing. The 1 by “x in. 
body dimensions reflect compatibility with 
applications. 


transistor 


Conclusions 


As a result of these Signal Corps developments a large 
family of component parts specifically designed for use 
with printed wiring have been made available to the 
equipment design engineer. The standardized modular 
erid terminal spacing of these components represents an 
important step forward in the field of automation and 
should result in reduced cost of fabrication of these com- 
ponent parts as well as reflecting marked reduction in 
the stocking of many similar items differing only in 
mounting requirements. Action has been taken to obtain 
volume quantities of the tube sockets and connectors dur- 
ing 1957 through Signal Corps Industrial Preparedness 
Studies. The modular grid spacing layouts presented in 
Fig. 1 have been included in the contractual requirements 
for these items. Further refinement of the switches in re- 
gard to the possibility of decking individual switch wafers 
to greatly expand the number of switching combinations 


will he considered prior to production release. 
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Quantitative Criteria for 
Thermal Evaluation 


of Electronic Equipment 


[hermal design in electronic equipment places heavy emphasis on 


performance evaluation and subsequent modification as a technique 


of design evaluation. Thermal evaluation can be made on both 


qualitative and quantitative bases. The most satisfactory criterion at 


present is the Thermal Figure of Merit. 


r. C. REEVES 

4dministrator of Reliability and Value Engineering 
Surface Communication Department 

RCA Derense Evectrronics Propucts 

Camden, N., J. 


THE OBJECT OF THERMAL DESIGN in electronic equipment 
is to create a thermal environment in which the com- 
ponents and materials can function at a reliability level 
commensurate with survival requirements. In most cases, 
though not all, such thermal design is directed primarily 
toward the prevention of excessive temperatures in the 
circuit parts. This is because present equipments embody 
increased circuit complexity, higher output levels and 
miniaturization and are often required to perform in the 
severe thermal environments typified by use in missiles 
and high performance aircraft. These factors all are 
conducive to higher temperature levels. If uncontrolled. 
these high temperatures result in instability or in equally 
intolerable accelerated failures. These thermal sources of 
unreliability are customarily controlled, therefore, by 
cooling the circuit environment, i.e., by providing such 
cooling as will maintain the circuit parts at lower, more 
reliable temperatures. 

Successful solutions to the cooling problem depend on 
the joint efforts of electrical and mechanical engineers. 
The former’s task comprises the development of efficient 
circuitry with minimum wattage dissipation, of circuit 
configurations which permit segregation of sensitive 
parts from heat generating components, and the selec- 
tion of temperature-resistant circuit parts and their ap- 


*At the time this article was submitte for publication, Mr. Reeves was 
‘ har t Reliability Analysis Group, RCA 


plication at conservative wattage stresses. The mechanical 
engineer's thermal design responsibility rests in the over- 
all development of the packaging configuration and the 
provision of a cooling system which can remove heat and 
maintain safe temperature gradients from the circuit part 
to the ultimate atmospheric sink. 

The thermal design achievement can be evaluated from 


two points of view, the qualitative and the quantitative. 


Meon interno! temperoture 45C 


Room temperature 25C 


Tite “iF OT * i+20 2948 


Fig. 1—Inverse temperature rise ratio ap- 
plied to free-convection cooled equipment. 
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(he qualitative evaluation of a given design is based 
on the degree of its compliance to recognized principles 
of sound thermal design and on the degree to which it 
avoids common and known misapplications. For instance, 
it credits such factors as spatial and convective segrega- 
tion of sensitive parts from heat sources, provision for 
effective coolant distribution, use of heat conductive tube 
shields, and so on. Conversely, it charges against the de- 
sign instances of thermal proximity, location of sensitive 
components down stream of active ones, use of plain 
JAN type shields, ineffective location of coolant orifices 
or vents, and the like. 

Qualitative evaluation is heavily visual and can 


usually 
indicate whether a design is nominally good or 


grossly 
bad. but not how good or how bad. For example, the use 
of conductive tube shields is qualitative evidence of sound 
design but the degree of improvement afforded by them 
can only be estimated by techniques of numerical evalua- 
tion. Similarly, a semiconductor diode located 0.25 in. 
from an electron tube envelope is qualitatively bad but it 
requires temperature measurement coupled with knowl- 
edge of the temperature failure-rate characteristics of the 
diode to estimate the degree of hazard. 

Thus. while qualitative evaluation is a useful and a 
necessary screening or preliminary technique, it must be 
supplemented with quantitative measures. The remainder 
of this article deals with such measures. 


Measures of Thermal Performance 


Techniques of quantitative evaluation are aimed at 
assessing the thermal design achievement in terms of 
measured thermal performance. Generally, these quan- 
titative techniques fall into two categories: those based 
on purely thermal performance and those which seek to 
interpret this thermal performance in terms of its effect on 
circuit-part reliability. 

The Inverse Temperature Rise Ratio. Since the purpose 
of thermal design is to maintain reliably low tempera- 
tures, it is clear that the design effectiveness can be 
measured in terms of these resulting temperatures. In 
conventional air the realities of 
packaging induce increases in the mean temperature of 
the immediate circuit environment within the package. 
The extent of this internal temperature rise over the 


cooled equipment. 


surroundings or coolant source temperature is an inverse 
neasure of thermal design effectiveness. 


Coolont exhoust temperature 31C 


Meon internal coolant 
temperature 28C 


Coolont source temperature 
25C 


I | 
Nie * Tat Tay 1025 
Fig. 2—Inverse temperature 


rise ratio applied 
to a forced convection 


cooled equipment. 


Hence. a very simple and direct quantitative criterion 
is what might be termed the Inverse Temperature Rise 
Ratio. 


n1TR=1/1 AT 


where AT represents the mean temperature rise defined as 
the mean internal air temperature less the temperature 
of the external surrounding air or of the coolant source. 
It should be noted that the arbitrary 
this makes it non-linear with temperature 
and extremely sensitive in its low ranges. 

This suited to free convection cooled 
equipments. See Fig. 1. Clearly, poorly ventilated equip- 
ments which sustain high internal temperatures will show 
very low ratios. Well ventilated equipments with lower 
mean temperatures show higher ratios. An ideal equip- 
ment with no mean temperature rise would show a ratio 
of unity. Practically, this is not attainable since it im- 
plies a package of infinite thermal conductance. How- 
ever, it could be visualized as a free convection cooled 
circuit without a package and in which the components 
are so relatively remote as to be considered operating in 
free air at the temperature of the atmospheric sink. 

The ITR ratio can be applied to forced cooled equip- 
ments as well. See Fig. 2. However, in terms of these 
latter equipments, one is interested not only in the tem- 
perature levels produced but, additionally, in the efficiency 
with which the coolant was employed to produce these 
temperatures. 


construction of 
ratio rise 


ratio is well 


The Convective Contribution Ratio. In an equipment 
designed for cooling by forced convection. it is basic 
to assess the thermal design in terms of the fraction of 
the total heat load actually convected off. A suitable Con- 
vective Contribution Ratio is given by 


WCpAT/Q 
where 
it coolant mass rate, lb/min 
A T = coolant temperature rise through equipment 
( specific heat of coolant 


Q total dissipation of equipment, watts 


Refer to Fig. 3. Low values of " 
convective 


are indicative of low 


contribution and of high 


relative resort to 


conduction and radiation. 


In addition to these two admittedly very simple criteria 
for thermal performance. one can derive additional 


ratios sensitive to the peculiar modes and requirements of 


Exhoust temperoture 


at? 
Intoke temperature 25( 


Moss rate (W)=2.6!1b/min 


\air/ 


7 ¢ WAT (for 


. etm 
Dissipation 180 watts Q~ \air 


2 6(6) 


Nee 76 
(air) 


Fig. 3—Convective contribution ratio applied to 


the forced convection cooled equipment of Fig. 2. 
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a given cooling system. Complex, dimensionless param- 
of the 
exchanger design 


conventional heat 


coefhicient 


associated with 


be 


in 


eters type 
instance, 


of 


ratio of cooling 


can also used. one 


always interested 
of the 


blower ! 


is almost some 
the 
to the wattage of the equip- 
The weight and volume of the 
likewise related to its overall capability, 
are its control requirements and its mechanical reliability. 


per- 


formance system, 1.€., 


Sy =. 


tem (01 wattage 


ment heat load. cooling 


system are as 
and heat transfer coeflicient 
applicability to the electronic cool- 


But all temperature. 
limited 
problem. 


energy. 


ratios are 


ing 


Limits of Thermal Performance Criteria 


In evaluating an electronic cooling system on a purely 


thermodynamic basis, one considers the system solely in 


terms of the temperatures it produces and in terms of the 


efficiency with which it produces these temperatures. 


Insofar as one considers the cooling system to be primari- 


ly a cooling device, such thermodynamic measures are 


valid and, in fact. essential to its evaluation and develop- 
ment. 


“Insofar.” however, is In the final 
system is in- 
rather than cooling: the de- 
pression of temperatures is simply the means by which 
this end is realized. Consequently, thermodynamic meas- 
to the efficiency of the 
they are inherently insensitive 


of success in attaining the 


not far enough. 


analysis, the cooling system of an electronic 


tended to furnish reliability 


ures can only be sensitive means. 
{temperature depression ) : 
to the 


reliability ). 


degree end (increased 


This shortcoming is easily illustrated by assuming that 
two functionally identical equipments employ identical 


cooling systems, but that equipment A utilizes circuit 


parts which are, by design, less sensitive to temperature 
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Fig. 4—Predicted failure rates 
for composition resistors (MIL- 
R-LLA, characteristic GF). Fail- 
ure rate figures given are the 
best engineering approximation 
of reliability characteristics 
(random failures) for the parts 
designated. 
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than those used in equipment B. Obviously, even though 
identical circuit environments (and therefore identical 
thermodynamic measures) are found in both equipments, 
the reliabilities will be different and favor equipment A 
which employs components of higher temperature rat- 
ings. Since our ultimate interest is with reliability, addi- 
tional quantitative criteria are needed for thermal evalua- 
tion. These criteria must link the intermediate thermal 
performance with the ultimate reliability of the circuit 
parts. 


Reliability Criteria for Thermal Evaluation 


Limiting Temperatures. The simplest, most easily ap- 
plied criterion for evaluating the reliable thermal applica- 
tion of circuit parts is the degree of conformity found 
between the existing circuit environment (or hot spot) 
temperatures and the limiting reliable temperatures for 
the circuit parts involved. Each circuit part has an upper 
temperature limit beyond which its performance de- 
grades or it fails abruptly, its life is substantially 
shortened. This limiting temperature is determined by 
the materials and construction of the part and its value 
is derivable by test or, more conveniently, from the upper 
temperature limit of the part specification if it is stand- 
ardized.* 


or 


The limiting temperature approach enables us to 
“rule 
how- 


supplement purely thermal evaluation with a gross 
of thumb” consideration of reliability. Essentially, 
ever, it is a go/no-go test which implies a well defined 


temperature below which a circuit part is reliable and 


above which it is not. This can be an unsatisfying and 
*A survey of limiting hot spot 
acteristic circuit parts will be found 
Manual of Cooling Methods for Elec 
reference in the field was originally 
ontract to 
Office. 


environmental 
Section X of 
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and/or temperatures for char 
Navships 900,190 
Equipment.”” This excellent and basic 
prepared by Cornell Aeronautical Labora 


BuShips. It is now obtainable through the I S 
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tory Ine on 


Government Printing 
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EVALUATION OF SPECIFIC COMPONENT APPLICATIONS 
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misleading over-simplification. As an illustration, Fig. 4 





depicts the relationship between failure rate and ambient 
e.° ° f Actual o ti 
temperature for a composition resistor operated at various ee bene oye 
a : ° ° e vironmen OC coolant source 
wattage ratings. This is a typical, high-population circuit 
3 : ; : O10! Control, radio set 
O102 Control monitor 


1! Geor box 


¢ 
o 


part. These curves show that the tendency to failure is 


a) 
S 


indeed continuous with temperature and that there is 
no abrupt increase in failure rate except at the terminal 
temperatures to which the curves are asymptotic. Con- 


oO 


Oo oOo 


26 Osc amp No. | 
127 Osc amp No. 2 
128 Osc amp (trans 


oOo 
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sequently, whether a temperature is safe or not is 


N 


dependent only on whether the associated failure rate 129 Osc amp (recvr) 
133 Selector 


141 Modulator 


o oOo 


can be tolerated: there is no single “limit” temperature 
for “reliable” application. Figure 4 illustrates another 
point of importance: failure rate is not simply a function O15! Receiver No. | 


° ° ° ° . e ° O iv 
of the kind of circuit part and of the circuit thermal 0152 Receiver No.2 
0199 Auxil ory unit 
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environment but of the electrical wattage stress on the 
part as well. 

Vean Life. The above noted shortcomings of the limit 
approach are overcome by a systematic evaluation of the Foilers per hour 0.00556 
random failure rate of each circuit part in terms of its 
type. thermal stresses and electrical stresses. See Fig. Meon life: : Mi 
5a. A summation of the calculated part failure rates, wi 
vields successively the black box and ultimately the sys- Thermal figure of merit = : = 
tem failure rate (in failures per hour) Fig. 5b, the re- 5c 


Fig. 5—Procedure for calculating mean life and Thermal 
Figure of Merit based on the ratio of predicted mean lives 
under actual and ideal cooling conditions. The computational 
clearly a direct measure of equipment reliability. Since format and routine illustrated in 5a was developed by the 
. , . ° ie iialtht alvaia . aes Winetcaniun Do in 
the mean life is a function of thermal stress, it is also an Reliability Analysis Group, Defense Electronics Products, 
RCA, for predicting equipment reliability based on circuit 
part stress-analysis. Failure rate units are called bits: one bit 
equals (per cent failures/1000 hr) x 10-°. These smaller 
design is equipment mean life. units are used to keep totals in whole numbers and avoid 
Mean life. in itself. is a number: to be useful as an loss of significant figures. Negative sign in stress columns 
: aaa ‘ ae ee - indicates part is effectively derated: condition of use is less 
evaluation criterion, there must be basis for comparison. cd : 
severe than the standard condition on which the base failure 


System total ‘s 3! 





= I8inhe 


ciprocal of which is the system mean life (in hours per 
failure) as shown in Fig. 5c. This mean life is the pre- 
dicted average time between random failures and_ is 


indication of the success of the thermal design. Hence. 
a second, more definitive reliability criterion for thermal 


Consequently, the most effective use of mean life, ther- rate is predicted. Figure 5b shows equipment summary; mean 


mally, is to compare the effect of alternative cooling life and Thermal Figure of Merit are caleulated in 5e. 
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systems on the mean life of the same circuitry or even 
ol different cooling conditions in the same cooling sVs- 
tem. For instance. mean life can furnish a basis for 
comparing the system with conductive tube shields vs 
the system with conventional JAN shields, and so on. 
It is clear that. so long as the various evaluation condi- 
tions apply to the same circuit, the differences in mean 
life arise only as a result of variations in thermal environ- 
ment, resulting in turn from different levels of thermal 
design accomplishment. 

While mean life ratios enable ranking comparisons 
between different cooling systems or conditions for the 
same equipment, they still have two blind areas. First, 
they are restricted to comparisons between equipments 
which are identical circuitwise. Mean life comparisons 
between different equipments are not valid because the 
mean lives reflect different circuit part populations and 
electrical stresses. Secondly, while it is possible to cal- 
culate the mean life corresponding to a given set of cool- 
ing conditions, it is not possible to state how closely this 
value approaches the best attainable. For example, assume 
that cooling scheme A shows a mean life of 20 hr while 
scheme B shows 15 hr. We can certainly conclude that 
{ is substantially better than B, but we cannot say how 
closely A approaches the ultimate attainable. If the ulti- 
mate could be calculated and found to be 50 hr. we would 
herdly be satisfied with A, even though superior to B. 
On the other hand, if the ultimate could be shown to 
he 22 hr. we might well be inclined to sit pat and adopt 
scheme A. 

Thermal Figure of Merit. The two shortcomings noted 
above in the simple mean life ratio—inability to compare 
thermal achievements in dissimilar circuitry and inabil- 
ity to set a standard—are remedied at least partly in a 
final ratio. the Thermal Figure of Merit. The TFM does 
this by striking a ratio between the mean life at the 
condition of interest to the mean life under an ideal 
condition. Fig. 5e. For simplicity, this ideal thermal 
environment is taken as the coolant source condition. In 
the usual instance of a non-refrigerating cooling system, 
this coolant source temperature is the lowest that the 
circuit parts can feel and will yield the highest mean life 
attainable in the given environment. (In a refrigerating 
system. the ideal condition is still taken as the coolant 
source. in this case, the refrigerator discharge. ) 

The rationale behind the TFM is as follows: If we 
could design a circuit package of infinite thermal con- 
ductance and so place the circuit parts that there would 
be no mutual heating due to proximity, that is, a phys- 
ically exploded circuit, then all circuit parts would have 
unlimited access to the coolant air. Unimpeded convec- 
tion to this coolant would insure against significant local 
temperature rises. This ideal circuit, then, operates in 
coolant at the temperature of the surroundings from 
which the coolant is drawn. Since coolant at a lower 
temperature cannot be drawn from the surroundings. 
this ideal condition yields the highest mean life obtain- 
able under the given set of external circumstances. On 
the other hand, the actual circuitry being evaluated op- 
erates within a package of finite thermal conductance 
with mutual heating. The resulting local temperature 
rises can only maintain a mean life less than under the 
ideal conditions. 

Note that the sole difference between the numerator 
and denominator of the TFM in Fig. 5c is the difference 
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in mean life attributable to thermal design: the TFM is 
entirely and solely sensitive to thermal design. 

The TEM is thus a normalized mean life ratio which. 
by its construction. indicates both the relative level of 
thermal design accomplishment and the margin for im- 
provement in the design under evaluation. Furthermore. 
because it is normalized, it permits comparison of at- 
tainments in different equipments. This does not mean 
that the attainment of equal TFMs in different equip- 
ments is equally difficult, only that the equal TFMs rep- 
resent equal degrees of control over reliability by the 
respective thermal designs. The Thermal Figure of Merit 
is a useful quantitative criterion for thermally evaluat- 
ing complete systems or individual “black boxes” within 
systems. Because its read-out is directly in terms of the 
sought-for reliability, the writer believes it to be the best 
single criterion for thermal design evaluation. 


Summary 


Effective thermal design is increasingly important to 
the survival of complex electronic systems in the un- 
friendly environments typified by flight aboard high 
performance aircraft. At present, thermal design is not 
amenable to a precise, analytic approach. Generally. the 
design takes rough, initial shape by analytical and em- 
pirical methods, and then evolves in a succession of 
refining evaluations and modifications. 

Many 
essential to this process of design evolution. There is 
need for qualitative, visually applied criteria and, beyond 
this. for quantitative measures and ratios. There are 
thermodynamic measures useful for evaluating the effec- 
tiveness of the cooling process but these measures are 
incapable of reflecting the level of reliability afforded by 
the cooling system. 


categories of thermal evaluation criteria are 


Thermal evaluation of reliability requires additional 
measures which relate the thermal performance to the 
life of the circuit parts. The simplest, most easily applied 
criterion is the circuit-part limiting temperature. While 
erossly useful, this approach implies a sharply defined, 
fuse-like cross-over between reliability and unreliability 
which does not, in general, exist. For practically all high 
population circuit parts, reliability is relative. depend- 
ing on whether the associated part life expectation is ac- 
ceptable to the survival requirements of the end equip- 
ment. 

This can only be determined by calculating the end- 
equipment reliability, comparing it with requirements and 
then evaluating the thermal design in light of the com- 
parison. Such a mean life approach can indicate ade- 
quacy but not the relative degree of attainment. or the 
untapped potential for design improvement. The Thermal 
Figure of Merit defines actual accomplishment relative 
to an ideal, thereby indicating the degree as well as the 
gross adequacy of the thermal design attainment. 

In a comprehensive development program, there is a 
need for various criteria for thermal evaluation. depend- 
ing on the state of development at which the evaluation 
is made, on the equipment complexity and on the severity 
of the anticipated environment. The various criteria. 
therefore, complement rather than compete with each 
other. A criterial project may well use all of those 
enumerated and. as well. evolve additional criteria pecul- 


iarly suited to the system under development. 
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lsocyanate-Resin-Coated 
Elastomeric Insulation 


{vailable as sleeving and tape. this new \N IMPROVED ISOCYANATE RESIN-COATED electrical insula 
: tion. introduced last year.* has now been made avail 
material offers advantage of flexibility able in an elastomeric form. Development of this new 


; el ist : ' material was desirable for these reasons: The ultimate 
while retaining original high levels oj in mechanical and chemical properties of isocyanate 
physical and dielectric properties. resin coatings, as with those of many other types of 
thermosetting polymers, is a function of the extent of 
crosslinking, or the mesh size of the polymer structure 
in space. A natural manifestation of extended crosslink- 
ing. however. is almost always rigidity of the film. When 


HERBERT G. STEFFENS, Development Laboratory such polymers are formed on tubular carriers, as is the 


Narvar Corporation, Woodridge. N. J. : 7 5 oe . a 
: case in coated sleeving, the rigidity is amplified to the 


extent that their usefulness is limited. 

This elastomeric isocyanate coating commercially des- 
ignated “Isolastane’+ is being offered in both sleeving 
and tape form for applications requiring continuous 
performance at temperature up to approximately 150 C. 
It retains many of the desirable characteristics of the 
original isocyanate resin-coated insulation such as high 
abrasion resistance, superior adhesion to glass. oil resist- 
ance. solvent resistance. high dielectric strength. plus 
improved extensibility. 

The manufacturing process for this elastomeric isocy- 
anate produces a polymer highly resistant to solvents 
and able to withstand the hydrolyzing action of boiling 
water and steam. These properties are not characteristic 
of many elastomeric isocyanates now available in foam 
form. By means of this process a product of reproducible 
uniformity is also possible. Batch-to-batch variability 
frequently experienced in elastomer production has con 
sequently been virtually eliminated. 

The mechanical properties of this coated isocyanat 
elastomer are given in Table I which shows the load in 
pounds required to elongate a test specimen of coated 

7 . 9° = 1 
a i ei class fabric at 23 C to 10 per cent of its unloaded length 


sleeving (A) compared with isocyanate resin coated sleeving *“Isocyanate Resin-Coated Glass Clot s H. 5. 5 
: % 156, Execrricat M CTURING 
(By) on extended aging at 170 C. pica mnntertethtae 


tr ark re 


Table |-Comparative Data: Extensibility, Resilience, Dielectric Strength 
and Hardness for Coated Isocyanate Elastomer 


; ; 10 sec after removal of Dilelectric strength Film hardness, 
Material Load, Ib per in. width | load, per cent recovery vim, gm 


lsocyanate resin 23 75 1400 1800 
lsocyanate elastomer 3 98+ 1000 2000 
Silicone elastomer 98+ | 560 550 


Viny! plastisol,: 11 73 800 800 


"ASTM po902 Specimens conditioned 
"Graham-Linton Hardness 
Natvar Isoglas 


Apphed ne coat 
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Fig. 2 
y 
ig. 2 


Effect of heat aging on the load required to elongate 
isocyanate elastomer films 10 per cent of original length. Aging 
at 170 C. 


at a constant elongation rate of 1 in. per min and the 
per cent recovery LO sec after removal of the load. 
Specimens | in. wide were selected from 0.004 in. bias- 
weave glass cloth (Exeter No. B-302) coated to 0.010 
in. in two coats. Data are also presented for other types 
of coatings similarly prepared. 


\s the data of Table | indicate, the isocyanate elast- 


Table tl—Isocyanate Elastomer-Coated Glass Cloth 
Compared with Currently Available 
isocyanate Resin Coatings 





Isocyanate lsocyanate 
Characteristics resin® elastomer: 
Nominal thickness, in. 0.010 0.010 
Base glass thickness, in. 0.004 0.004 
Dielectric strength, v/m, short- 
time, C-48 23 50 1157 1016 
Under 6 per cent elongation 1096 993 
Under 12 per cent elongation 1090 949 
Under 25 per cent elongation 800 860 
After knotting 1050 1010 
Per cent retention at 25 per cent 
elong. 69 85 
Percent elongation 0.5 11.6 
Breaking strength, piw, warp 117 113 
l tre t ngat filn ekn 
5 tight r k ntie und) =breakdov 
I broken befor 
Na I 
\ ] 


Table Ill—Effect of Conditioning and Accelerated 
Heat Aging on Dielectric Breakdown for Several 
Sizes of Coated Isocyanate Elastomer Sleeving 





AWG No. 1 AWG No. 4 
Condition 0.019 in. 0.017 in. 
C-48 23 50, volts 7520 8240 
C-96 23 96, volts 4000 4066 
C-48 23 50 and creased flat, volts 5560 5640 
Per cent retention of volts after 
creasing 74 69 
C-48 23 50 and bent 180 deg on 
s-in. diam mandrel volts 5760 6400 
168 hr at 150 C, volts 6400 7240 
168 hr at 170 C, volts 5840 5800 
Per cent retention of breakdown 
volts after aging and bending: 
168 hr at 150 C 111 113 
168 hr at 170 C 101 91 


Yellow varnshed 
glass cloth 





Y O~ 


Time 


Fig. 3--Volatilization curves for various insulation materials. 


lime in hours to volatilize 50 per cent of resin content (thick- 
ness. 0.010 in, except as noted). 


omer exhibits improved flexibility even over vinyl 
plastisol. It is functional at a substantially higher tem- 
perature rating. It will also serve many applications 
where the degree of extensibility might preclude the use 
of currently available coatings of the isocyanate resin 
type. 

Elastomeric isocyanate films were found to be signifi- 
cantly more thermally stable than fully crosslinked 
isocyanate resin films. Data on dielectric breakdown after 
aging at 170 C, weight loss rates at various temperatures, 
and retention of elastic properties after aging at 170 C 
all indicate the high level of heat resistance of this 
particular elastomeric structure. 

Figure 1 shows dielectric breakdown data for speci- 
elastomer coated sleeving (AWG 
No. 4) after aging at 170 C in a forced draft oven. 
Measurements were made in accordance with ASTM 
1350-48. Specimens subject to 2000 hr aging were easily 


mens of isocyanate 


creased flat without showing development of cracks in 
the wall. 

Figure 2 shows the effect of aging in forced draft 
ovens at 170 C on the elastic properties of isocyanate 
elastomer-coated bias-weave glass tapes. Measurements 
of load required to elongate coated films 10 per cent, 
as described earlier in this article. were made on the 
same specimens removed at selected times during the 
aging period. It is evident that the elastic nature of the 
coated film is retained in good measure even after 
extended againg at temperatures in excess of its rated 
continuous-duty temperature. 

Although primarily intended as a sleeving impregnant 
and coating, the elastic nature of this improved isocy- 
anate polymer suggests its usefulness as insulation in 
tape form. Coated on bias-weave glass cloth, isocyanate 
elastomer accords a high degree of dielectric protection 
even under severe elongation. as is shown by the data 
of Table Il. Although currently available isocyanate- 
resin coated bias glass cloth is in itself an extensible 
insulating material, the improved retention of dielectric 
strength of the new elastomeric isocyanate coatings 
indicates that it will withstand considerably more stretch- 
ing before its electrical properties are affected. 

The molecular structure of the elastomeric isocyanate 
that is responsible for its markedly improved mechanical 
properties, also accounts for its improved resistance to 
loss in weight at elevated temperatures. Figure 3 shows 
the time in hours to volatilize 50 per cent of the polymer 


content of coated glass cloth when specimens are sub- 
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jected to free air in a forced draft oven at various 
temperatures. The 50 per cent point was chosen since the 
variability of measurement at this point is at a minimum. 
In view of the absence of standardized procedures for 
evaluating volatilization rates. data for other insulating 
materials of equivalent thickness and area are shown for 
comparative purposes. 

Such data. it should be noted, are based on a test 
condition of high-velocity 


air flow across freely sus- 
pended specimens: 


as such they have no practical value 
of service simulation. The reduced volatilization rate of 
the elastomeric polymer compared to the full cross-linked 
resinous type accounts primarily for its improved thermal 
properties, 

Dielectric breakdown performance data on several 
sizes of elastomeric isocyanate coated sleeving are given 
in Table IIL. 
tinuous duty at temperatures up to approximately 150 C, 
170 C have been 
included to indicate the overload possibilities of this 
material. : 0 


Although the sleeving is rated for con- 


results of accelerated aging test at 





Cycle Counting 
for Digital Timing Control 


(Continued from page 101) 


No. 1. When one of these tubes is made conductive. the 
voltage developed across its plate load overcomes the 
fixed bias in the grid cathode circuit of this tube so that 
pulses from TR-]] causes conduction in the second half 
of the OSN7 tube in the pulse-forming network. The 
resulting pulse across the secondary transformer TR-10 
is delivered to the guide network of the unit Dekatron. 

There are two gating circuits. Gate No. 1 is used to 
control pulses which are delivered at line frequency rate 
to the input circuit of the unit Dekatrons used for 
general machine function control. Gate No. 2 is used to 
control the pulses delivered to the Dekatron control 
circuit which forms the cool, heat and current decay 
intervals used for firing the rectifier in the main circuit 
of the welding machine. Pulses generated at the end of 
each weld impulse time are delivered through TR-2] to 
the first half of the O6SN7 in the pulse-forming network. 
These pulses are generated of course only during the 
welding periods when gate No.1 is closed and gate No. 2 
opened. Figure 8 shows how the various gates are con- 
trolled. Gate No. 1 is opened only during those functions 
which require counting cycles at line frequency rate. 
Each gate consists of a section of a dual triode tube 
whose grid-cathode circuit includes a fixed bias plus a 
resistor in the cathode circuit of one of the stages in 
the sequence or function stepping circuit. When this cir- 
cuit is resting in the squeeze function stage, the voltage 
drop developed across the cathode resistor in this stage 
brings the erid of the OSN7 gate to the conducting 
region so that pulses are formed in the output circuit 
of the pulse-forming network. The squeeze, quench. hold 
and off stages are tied to gate No. 1. Preheat. weld. 
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and postheat stages are tied to gate No. 2. Whenever 
the function stepping sequence is resting in a stage tied 
to gate No. 2. pulses will be delivered at line frequency 
to the cool, heat and current decay Dekatron system, and 
automatically, pulses will be delivered to TR-2] at the 
end of each heat time. When using this system to control 
a three-phase welding machine which consists of two 
three-phase half-wave rectifiers which are allowed to 
pass current through the primary of a welding trans- 
former in succession, it is necessary to use a reversing 
circuit which controls the switching from one rectifier 
to the other. 

The reversing circuit consists of a pair of thyratrons 
connected in a flip-flop circuit with a common input to 
both grids. Pulses received at the end of each heat time 
period from the cool. heat and current decay timer 
switch conduction from one tube to the other. In order 
to obtain correct timing for the rectifier firing. the pulses 
delivered to the Dekatron in the cool, heat, current decay 
circuit must be shifted 180 deg after each pulse. This is 
done in the reversing pulse forming gating circuit of 
Fig. 9. The secondaries of a peaking transformer TR-15 
are connected in the grid circuit of the 6SN7 in the 
pulse-forming circuit. The peaking voltages delivered to 
one section of the OSN7 are 180 deg out of phase with 
those delivered to the second section. When the reversing 
section is resting with conduction through the tube at 
the left. the voltage developed in its plate circuit. which 
is also in the grid cathode circuit of the 6SN7, prevents 
the peaks in that section from making the tube conduc- 
tive. Peaks are generated in the secondary of the trans- 
former in the plate circuit of the O6SN7 by condition of 
the right-hand section of this tube which passes current 
whenever a pulse is received from the secondary of 
TR-15. When the reversing circuit is switched so that 
the tube at the right conducts, the peaking voltage across 
the terminals of peaking transformer TR-15 will be 
effective to produce pulses across the secondary of the 
pulse transformer. Pulses. however. can only be gen- 
erated when gate No. 2 is open. 

In a resistance welding machine it is necessary to 
operate valves which apply air to the pneumatic cylinders 
which apply force between the electrodes. The electro- 
valves are controlled by the circuit in Fig. 10. Here 
again there is a flip-flop circuit with a resistor in series 
with the plate of one of the tubes. and the valve solenoid 
coil in the plate circuit of the second tube. With the 
tube A conducting. the electro-valve is de-energized. 
When a pulse is delivered to the grid of tube B, the 
conduction will be transferred to tube B and the electro- 
valve will be energized. This pulse is obtained from the 
forge delay circuit. When it is desired to switch to tube 
{ again. a pulse is delivered to the grid of tube 4. 

The main power circuit of the welding machine con- 
sists of two three-phase half-wave grid-controlled recti- 
fiers ignitrons whose output can be varied by adjusting 
the point on the half cycle when the tube is allowed to 
become conductive. A separate group of peaking trans- 
formers is used for presetting the heat level desired for 
each of the heating periods—preheat. weld, and postheat. 
The peaked voltages from these transformers are selected 
and gated by the sequence and weld timing and reversing 
controls to produce the desired secondary current in the 
welding transformer at the required times in the welding 
program. 





Numbering 


es ystems 
22—~o 
i 
32—No 
: In easy-to-read but stimulating discussion of the 
s—~0-—o concept of number and the basic arithmetic of 
: positional ( Arabic) numbering systems with any 
; . - base: binary (2), ternary (3), quaternary (4). 


quinary (5). decimal (10). duodecimal (12) 


ae ... Also coded decimal numbers. 
—_— on™ 0 
9 9 9 
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ISAAC L. AUERBACH, President 
big. 1—Graphical representa- AUERBACH ELECTRONICS CORPORATION 
tien ef counting in decimals. Philadelphia 26, Pa. 


even 


NUMBERS ARE SO COMMONPLACE that few people 
engineers—ever stop to question their origin or to con- 


Table I—Counting with Various Number Bases sider the concept of number. Strange as it may seem, 
many persons are confused when told that there are othet 
number systems besides the decimal system in which we 





Base 2 Base3 Base4 | Base 5 | Base 10. Base 12 


00000 000 000 eo - os were all schooled: and that other functions besides arith- 

00001 001 001 01 01 01 metic can be performed with the aid of numbers. 

ee me) |e |S |B  Wnataretnbenst 

aaaae ia oe + - - — is - iy oo \ — : five - 
not understand what is meant by number. Four apples 

oat _ 1 . ~ - mean something entirely different to him than four 

01000 022 020 13 08 08 automobiles. He associates the object with the number. 

01001 100 021 14 09 09 Even when he starts to learn arithmetic in grammat 

at rad oo - 7 = school he uses his fingers to help him. It is not until he 
begins to use addition and multiplication tables that he 

aoa aoe = = : works with numbers abstractly. 

01110 112 032 24 14 12 Numbers may be used to represent a group of objects, 

01111 120 033 30 15 13 or a distance along a line, or the strength of a force. ot 

10000 121 100 31 16 14 an amount of money, or any other thing that varies 
quantitatively. But once the representation is formed, 
number manipulation may be performed without refer- 
ence to anything else. 

Llo 
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Table ll—Arithmetic Tables 






















Addition 
Augend 
Addend Base 
0 2 
1 
Augend 
a 0 1 2 
Addend Peon 
me 0/112 3 
1 1 2 10 
2 2; 10) 11 
Augend 
Addend ‘Base 
0 4 
1 
2 
3 
Augend 
oe tes bg Bi ei «@ 
Addend Base 
0 o;/1/2;);3]/4 5 
1 1 2 3} 4:10 
2 2 3 4; 10/11 
3 3 | 4/ 10/ 11/12 
4 4 1-10} 11 | 12173 


Numbers are part of a language in the same way 
that English words are part of the English language. 
Numbers are composed of digits just as words are com- 
posed of letters. Words in English are put together to 
form ideas with the aid of grammar. In the language of 
numbers, the grammar is called arithmetic. 

Both alphabetical and numerical languages are used 
for communication. The alphabetical language is used 
to communicate in qualitative terms, whereas the nu- 
merical language is used for precise quantitative com- 
munication. The rules of numerical languages, therefore. 
are very rigorous—there are no numerical idiomatic 
expressions. 
tables 


rules of counting. By varying the 


All numbers are developed and arithmetic 
formed from precise 
method of counting. different number systems may be 


obtained, as will be shown below. 


Additive vs Positional Notation 


The Romans represented integers by means of an 
additive system: symbols having different weights were 


combined to produce a sum representing the integer. 


(he following were some of the symbols used. together 





Multiplication 
Multiplicand 
ee 0 1 
Multiplier 
0 0 0 
1 0 1 


Multiplicand 


Multiplier 








Multiplicand 
‘psa ol/1/2!/3 
Multiplier 
0 0 0 0 0 
1 0 1 2 3 
2 0 2 | 1 2 
3 0 oS) Wiz 
Multiplicand 
Pe eee ig |) gf ots 
Multiplier 
0 o/o\o|o0\o 
1 0 1 2 3 4 
2 0 2 4/11| 13 
3 0 3 11 | 14] 22 
4 0 4113); 22) 31 


with their associated weights: 


Symbol: | 


Vixwl: 6° Pb MM ~ e M 
Weight:1 5 10 


50 100 500 1000 10.000 100.000) 1.000.000 


\ typical representation of a number in the Roman 


System is as follows: 


Cz Vin LOO W+5+14+141 118 


The Egyptian, Hebrew. and Greek systems were similar. 
It is fairly easy to perform addition and subtraction 
But 


One disadvantage is that 


in the additive systems. additive systems have 
several grave disadvantages. 
to obtain higher numbers more and more new symbols 
must be added. (Of course, early scientists were not 
troubled by present day astronomical and atomic magni- 
\ much greater fault of the additive system is 
difficult to 
perform. Can you imagine trying to find the product of 


MMMCCCXVII and MDCCCXLINX? 


Computation is difficult in additive systems because 


tudes. ) 


that multiplication and division are very 


there is no simple rule for counting. Note the sequence: 
t,. A, FV, VV; VL. Vil. VERE, 1%, & AL AL ARE 
XIV, XV XVID AVE, XV, XE AX, XAR% . 








would be difficult to express all numbers in this system 
by a mathematical expression. But in the decimal system 
commonly used today all numbers can be given by the 
following simple expression: 


\ 1,10° + A,. 10 + A... 10 . + A; 10 1, LO 


where V is the number. and A 


digits from 0 to 9. For example, 


may be any of the ten 


138 | (10)? + 3 (10)! + 8 (10) 100 


\s another example, 


90.500 9 & (10) x« (10)? + 5 


+ 0 & (10) 


(10) 


90.000 +— 0 500 + 0 0 


Che decimal system is an example of a system using 
positional notation additive notation. In 
the decimal system, all possible numbers can be repre- 
sented with only 10 digits. Counting. which is the basis 
for all arithmetic. 


rather than 


is simplified because of the meaning 
placed on the position of each digit in the number. 
As can be i 1 counting is performed by 
listing the 10 digits in sequence. After the last digit (9) 
is listed. we start the sequence of digits again. but at 


seen In k ig, 


the same time we place the next digit-in-sequence in the 
column to its left. Thus, in column | the digit changes 
for each succeeding number; in 


10th number: 


column 2 for each 
in column 3 for each 100th number: and 
Theoretically the 
of columns we may 


so on. 


there is no limit to number 
use, 

Because counting is so regular, the rules for reckoning 
can be stated in the form of addition and multiplication 
tables. 

The decimal system uses ten digits. We therefore say 
it has a base of 10. However. nothing prevents us from 
using other bases. 

Strange as it may seem, positional notation could 
never have developed to its present state without the 
concept of zero. Zero does not only mean “nothing”. Zero 
is a symbol used to place digits in the correct column. 
If it were not for zero. how would we distinguish between 
1 and 1.000.000? 

The Sumerians and Babylonians had a more advanced 
type of number system than did the Romans. But the 
development of positional notation such as is in use 
today is attributed to the Hindus who invented the zero 
in about 500 AD. The Arabs learned this positional 


notation in about 800 AD and brought it along with 
them into Spain. The merchants of Italy were also in- 
strumental in bringing the system to Medieval Europe. 

The use of 10 as a base goes back to the dawn of 
civilization. and is undoubtedly due to the fact that 
we have ten fingers (or digits) on our hands. Other 
bases have also been used. The base 20 (20 shillings 
to a pound, 20 miles to a league) suggests that perhaps 
the toes were used too. The base 12 (12 in. to the foot, 
12 oz. to the troy pound, 12 hr. 
the base 


in a half-day) and 
16 are also found. The base 60 
the hour. 60 min. to the angular degree) comes from 


(60 min. to 
the Babylonian astronomers. 


Positional Numbering Systems 
We know that a 


in a positional system is expressed as AvAo 1 


number 


11Av 


Number Base. then 


and is evaulated by means of 


\ 4,X° + AnaX' LoX 


where A represents the base, and A is any of the digits 
used with that base. 

If the base X is 10. the weight of a digit in a column 
is ten times the weight of a digit in the column to its 
right. If the base X is 2, the weight of each digit in 
the number is double the weight of the digit to its 
right. Table I shows how to count in number systems 
using various bases. Note that with all bases the digits 
in the rightmost column rotate in sequence. With base 
2. the 1’s and 0’s alternate by pairs in the second column, 
by 4’s in the third column, etc. With base 3, in the 
l’s, three 2’s 
and so on: while in the third column we have six 0's, 
six l’s, six 2’s. ete. In base 12 the symbols a and £ are 
digit symbols for “10” and “11.” 

It is natural to ask whether any particular choice of 
base is With many 
columns are needed even for small numbers. With too 
large a base one must learn many symbols. Some math- 


second column we have three 0’s, three 


most desirable. too small a base 


ematicians advocate the choice of 12 as a base because 
12 is exactly divisible by 2, 3, 4, and 6. With this base, 
work involving divisions, fractions and square roots can 
often be simplified. 

Because the two digits 1 and O of the binary system 
can be easily duplicated in engineering systems by bi- 
stable devices. binary systems are greatly in vogue. Some 


Table lll—Conversion of Decimal 556 into Numbers in Bases 2, 3, 4 and 8 


Base 2 Base 3 


Quotient Remainder 


283 0 
141 1 
70 
35 
17 

8 


N,,/C, 
566 /3 


Quotient Remainder 
188 

; 188 /3 62 

1 62/3 20 

; 20/3 6 

; 6/3 2 

1 2/3 0 


MON NY NNHNNN NY  ] 


4 
z 
1 
0 


565 (1000110110) (566),. = (202222) 


Oe 


Base 4 Base 5 


N,/C;,, Quotient Remainder N,/C, 


566 /5 


Quotient Remainder 


566 /4 113 1 


141 2 


141/4 35 1 
113/5 22 


35/4 8 


22/5 
8/4 2 


2/4 0 4/5 0 


(566) 5 (566), 


(20312). = (4231) 
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Table 1V—Arithmetic Computations with Various Number Bases 


| Decimal Base 2 


Conversion 


110110 
10111 


110110 
10111 


(carries) 1 


1001101 


Multiplication 


54 
(+)23 


162 
108 
1 (carry) 


1242 


(carries) 


0 


bistable devices used to store the l’s and O's of binary 
numbers are relays which open and close; gas discharge 
tubes which conduct or cut off; magnetic materials 
which magnetize in one direction or the other; teletype 
tape in which holes represent l’s and no-holes represent 
0's; and flip-flops which have one leg conducting and 
the other cut off, or vice versa. Perhaps when a circuit 
is developed which can possess three stable states base 
3 computers will become much more popular than at 
present. 


The expression for numbers in the binary system is 
Vo Ae" + Agase? +... 4 2! 4 2 


A binary number such as 1,001,111 can therefore be 
evaluated as follows 


(1,001,111). = 1 > 


The symbols 1 and 0 are called bits, a contraction of 
binary digits. 

In the binary system the addition and multiplication 
tables are as simple as they can be, Table Il. The addi- 
tion table indicates that the sum of 0 and | is | and the 
sum of 1 and 1 is 0 plus a 1 carry. The multiplication 
table indicates that the product of two bits is 0 unless 
both bits are 1 in which case the product is 1. 

Substituting 1 for X in the number equation yields 
a system with base 1. Numbers are represented by the 
amount of | digits recorded. However, because the digit 
0 is not present, we can not call this a true positional 
system: there is no way of indicating position. This 
unitary system is useful in some applications, as will be 
shown later. 
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2000 312 204 
212 113 43 


1000 2202 1122 
2000 312 1331 
11000 312 
1 (carry) 11 


1201000 


(carries) 14432 


103122 
0 


Number Conversion. \n positional systems, by 
changing the base a different numerical language is con- 
structed. Since the two languages are tied together mathe- 
matically, translation from one number system to the 
other is straightforward. 

To convert from binary to decimal we need only list 


from right to left the successive powers of 2 as follows: 
256 128 32 8421 


and under each power put down the associated bit. The 
equivalent decimal number is obtained by adding up 
those powers beneath which appear l’s. For example: 


Given \ LOO10L: find N, 

Solution: 32 16 8 4 
. a ae ae 
32+14+1 


Given Nj 9 = 37; find No 
Solution: 


1 —— ( lowest order ) a | 


| 
| 
| 
! 


No = 10010 


+1 ——( highest order a 


Fig. 2—Example of decimal-to-binary number conversion. 





Another way of arriving at the same answer is shown 
below 
Given LOOLOL: find NV 
Solution ise +6 ? 
»x?+0 j 
1 uf € 4 9 
Q . 


lf 


I 
= 
Oe 

, 

, 


Here the result of the first product is used as a multiplier 
to derive the second product. The bits of the binary 
number are added to the products in sequence as shown. 
Similar systems can be used to convert from any lower 
base to a higher base. 

In general, a number J, in base b can be converted 


into a number \. in base c by following these rules: 


| Divide \ by ¢ where ( is the base ¢ expressed in integers 
of base 6. The remainder is Yo 

2. Divide the quotient (disregarding the remainder) by ¢ 
Uhe re mainder tis ) 
Continue dividing quotients by Cy, until the quotient is 0 

The remainder in the last case is Y, 


1. The converted number is 


\ ) ; ) ) 
Figure 2 shows the conversion of decimal 37 to a 
binary number. Table II] shows the conversion of decimal 


966 to numbers in bases 2, 3. 4, and 5. 


Computation. Computation in the decimal number 
Addition 
easily with the aid of an addition table. Multiplication is 


system is” straightforward. is accomplished 


really addition repeated over and over: 7 x 8 is equiva 


lent to 6+6+8+64+64+5+5. 


Rather than do these mul- 
a multiplication table 
Similarly, addition and multiplication tables can be de 


veloped for 


tiple additions we memorize 


a positional number system of any base. 


\ddition and multiplication tables for numbers in bases 


2. 3. 4. and 5 are shown in Table Il. Examples of addi- 


tions and multiplications in each of these number sys- 
tems are shown in Table TV. 

Phe addition and multiplication tables can also be 
used for subtraction and division. Subtraction is the 
reverse of addition. and division is the reverse of mul- 


tiplication. And since multiplication is but an extended 


Table V—Counting in Coded Decimal Systems 


Decimal Binary Coded Excess 3 2421 
0 0000 0011 0000 
1 0001 0100 0001 
0010 0101 0010 
0011 0110 0011 
0100 0111 0100 
0101 1000 1011 
0110 1001 1100 
0111 1010 1101 
1000 1011 1110 


1001 1100 111 


form of addition, all arithmetic can be performed with 
just an addition table. 

Actually, addition is an extension of counting. Theore- 
tically the last possible number is infinity. But in prac- 
tice there is always a finite last number and it depends 
on the number of columns in the counting device. The 
odometer in your car, for instance, counts the 100,000 
numbers from 00.000 to 99.999; after 99,999 the counte: 
goes back to 00.000. We say that the odometer has a 
modulus of 100,000 or 10°, where 5 is the number of 
columns in the counter. 

Counting can be performed in two directions. If we 
assume that counting to the right (see Figure 3) is 
counting forward, then counting to the left is counting 
backward. When we count to the right we add, and when 
we. count to the left we subtract. 

Because of its finite modulus, a practical counter is 
better represented by a circle, as shown in the figure. In 
this case counting counterclockwise may be called fon 


( alled 


place the positive numbers 


ward counting. and counting clockwise may be 
backward counting. If we 
obtained through forward counting and the negative 
numbers obtained through backward counting side-bv- 
side around the circle. the corresponding numbers are 
“complements” of each other. A complement is a num 
her derived from a giyen quantity according to a definite 
rule: the complement is used to facilitate arithmetic. 

Figure 4 shows the value of the complement concept 
in the performance of subtraction by machine. In a mech 
anized system, subtraction may be performed by revers 
ing the direction of movement of a wheel (or some ce 
vice which behaves conceptually as a wheel). By con 
verting negative numbers to their complements we can 
convert all problems into addition problems —we can 
have the “wheel” always moving in the same direction. 

If the modulus is given in the decimal system. the 
complement is called the 10’s complement. The 10’s com- 
plement is defined as that number obtained when eac! 
digit is subtracted from 9 and a 1 added to the result 
For instance. 


10°s « omplement of 156 999 or 


156 


L0000 


In the binary system we have a 2's complement whic 
is defined as that number obtained when each bit is 
subtracted from 1 and a 1 added to the result. As 


example: 


Lill or 10000 
1010 1Olo 


2's complement of 1010 


OLd] OOTTO 
l 


OLLO 


The number obtained by subtracting each digit fron 
9 is called the 9’s complement, and the number obtained 
by subtracting each bit from 1 is called the l’s comple- 
ment. The 9’s complement of 450 is therefore 543: and 
the l’s complement of 1010 is 0101. Note that in the 
binary system obtaining the 1’s complement is very easy: 
we merely interchange 0’s and I's. 





Coded Decimal Numbers 


The binary system is favored by engineers because 
of the ease with which this system can be mechanized. 
But unfortunately man has difficulty converting from 
binary to decimal. It was therefore necessary to devise 
binary-coded decimal systems. These systems are not as 
efficient as pure binary, but they can be easily decoded 
by the dictator of all devices, man. 

The simplest binary-coded decimal system is obtained 
by using the first 10 binary numbers to represent the 
digits 0 to 9. Since 0 zero is represented by 0000 a 
mechanism using this system is not fail-safe: we can’t tell 
the difference between 0 zero and nonoperation of the 
device. Other binary-coded decimal systems are shown 
in Table V. 

In the excess-3 system a number is represented by the 
binary equivalent of the number plus 3. In the 242] sys- 
tem the 2. 4, 2 and 1 represent the weights assigned to 
bits in each column. Many other binary-coded decimal 
systems may be developed by assigning other weights to 
the four columns. 

Note that in both the excess-3 and in the 2421 systems, 
0’s complements are obtained by interchanging |’s and 
() s, 

Shown below is the number 375 expressed in the three 


hinary-coded decimal systems presented, 


Code Digit | Digit 2 | 


ided Decimal oorl oll 
O110 1010 
O01 110] 

Many other coded-decimal systems are possible; com 
binations of bits may even be formed to represent the 
letters of the alphabet. 

Almost all the number systems discussed above have 
been used in digital computers. The EDVAC, SEAC and 
TRDVAC are binary computers. The Harvard MARK 
[Il computer uses the 2421 coded decimal system. The 
UNIVAC uses the excess-3 coded-decimal system. And 
the ENIAC, grand-daddy of all high-speed electronic 
computers. uses a unitary-coded decimal system: one 
signal represents the digit 1, and five signals represent 
the digit 5. 

Digital computers can be used for more than computa- 
tion. They can be used as filing machines and even for 
the translation of languages. Number systems find heavy 
use in data transmission and data processing. In the 
field of atomic instrumentation, scintillation counters 
or Geiger Mueller counters are used to measure subatomic 
phenomena. And the prototype numerically controlled 
milling machine developed by the Servomechanisms 
Laboratory of MIT has opened an entire new phase of 
industrial control — through numbers. 


Evecrrican Mant 
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Fig. 4 


te Oe 


Counting forward Counting backward 
(addition ) (subtraction ) 


50 


Counter 
modulus !00 


95 9911 3% 
0 — 


counterclockwise 
(addition 


Fig. 3—Graphical representation of count- 


ing and the principle ot complements 


~30 -!|0~ +90 
+80 > +80 


seamliee -70-+> +30 
+70 (i)70 a 


+70 


Complement = —- 30 


Subtraction (by addition) with the aid of complements 





Proposed 
Size Standards 


for 


From well over 100 different core sizes 
now in use the Materials Subcommittee 
of the AIEE Magnetic Amplifier Com- 
mittee has selected 21 proposed standard 
core sizes. Following is a review of the 
selection procedure followed and the full 


text of the proposed standard. 








ID 0D 


4 


bend 
=a 


Fig. 1—Toroidal cores dimensions. 


P. L. SCHMIDT, Chairman 
Vaterials Subcommittee 
AIEE Macnetic AMPLIFIER COMMITTEE 


IN AN ATTEMPT TO RECONCILE the needs of both core 
manufacturers and circuit designers, the Materials Sub- 
committee of the AIEE Magnetic Amplifier Committee 
has prepared a proposed size standard for magnetic tape- 
wound toroidal cores. (])** Their objective is to provide 
a sufficient range of core dimensions to meet the majority 
of circuit design problems with listed sizes—vyet at the 
same time limit the actual number of sizes to permit more 
economical core manufacturing. It is also hoped that 
restricting the number of sizes will make it possible for 
the manufacturer to hold closer tolerances on core prop- 
erties and make available to designers a under range of 
test data. 

The proposed standards do not cover bobbin cores of 
ultra-thin tape, but are instead restricted to those sizes 
normally made from magnetic tape approximately 0.014 
to 0.0005 in. in thickness. 

Initially reported out in June 1956 by a subcommittee 
working group, under the chairmanship of R. W. Roberts 
of the Westinghouse Electric Corporation, the proposed 
size standards have since been adopted by the Magnetic 
(Amplifier Committee and were presented at the AIEE 
Winter General Meeting in New York last January. At 
present they are being considered by the AIEE Standards 
Committee for approval as an AIEE Standard. 


*\I ber f th chnical staff, Bell 
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Table I—Proposed Standard Dimensions for Toroidal Magnetic Tape-Wound Cores 


IDx OD xh A,, (in.?) A, (in.?) A.A. (in.‘) l (em) h/b 


Series 1—Low Gain 


44x%xh 0.196 
4x1 x % 0.307 
Bx x% 0.441 
Tx1wx\ 0.785 
Wyx2x% 1.22 


1%x24x% 1.77 
2x3x%&% 3.14 
2x3x1 3.14 
244 x 33% x1% 4.90 
10. 34 x5x1% 8.30 
11, 4x6x2 12.6 


Series 2—High Gain 


44x Rx 0.196 0.00783 0.00154 4.47 2.00 
-650 x .900 x 14 | 0.332 0.0156 0.00519 6.20 1.00 
4%xix 0.441 0.0312 0.0138 6.93 2.00 
1x13g¢x\% 0.785 0.0469 0.0368 9.39 1.33 
14%x1%x% 1.22 0.125 0.1529 11.9 2.00 


2x 24x 4 3.14 0.125 0.392 17.9 2.00 

216 x314x4 4.90 0.250 1.23 23.7 1.00 
216x3%x1 4.90 0.500 2.45 23.7 2.00 

34% x 44x14 8.30 0.936 7.77 30.6 2.40 

10. 4x5\%x2 12.6 1.25 15.7 36.7 3.20 


NOTE: Maximum allowable strip gage to be used for any of the listed core sizes is given by the relationship: Strip thickness < ID/125 


Table Ii—Commonly Used Core Dimensions Not Included as Proposed Standards 


nn 


IDxODxh Aw (in.?) A, (in.) A.A. (in.‘) I (em) | h/b iD/OD 


5%x1Ixl 0.307 , | 0.0144 6.36 1.33 0.625 
1xIyxk 0.785 . 0.01225 8.94 | 1.00 0.800 
1x1yx\ 0.785 I 0.0245 8.94 2.00 0.800 
1x14x & 0.785 . 0.0735 9.84 1.50 0.667 
1x1%x 0.785 . 0.0981 9.84 2.00 0.667 


14% x1%yx\ 1.22 a 0.0763 11.85 2.00 0.715 
x2x\% 2.07 4 0.097 14.47 1.33 0.813 
24x3x 4.90 . 0.613 21.73 2.00 0.833 
24x 3%x1\% 4.90 . 3.83 24.95 2.00 0.667 


In an earlier report the Materials Subcommittee set Sizing Procedure. Because much magnetic-core de- 
forth standards for the presentation of basic information sign and manufacturing technology has been empirical 
on core magnetic materials used in magnetic amplifiers. in nature, the working group's initial efforts were to in- 
(2). The next report expected will recommend standard vestigate theoretically optimum core configurations. (3) 
methods for core grading and matching. But it became evident that the majority of cores in wide 
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use did not vary greatly from any theoretical optimum. 
SO the problem became one ol selection from the body 
of existing configurations. 

Existing core configurations were divided into two 
(1) those with high ID/OD ratios 


froups, or sel ies: 


favoring maximum amplification and minimum response 


time. or (2) those with low ID/OD ratios generally used 
for maximum power output for minimum size and weight. 
Within each series. cores were then rated according to 
power-handling ability as represented by the product of 
core and window cross-section areas, 4,A,y 


lable 1. 


Next factors considered were strip width and inside 


. as shown in 


diameter. A high degree of uniformity of these factors 


Table II 


were chosen from current practice rather than new sizes 


was found to exist. so the values listed in 


proposed that might require costly tooling changes on 
the part of core manufacturers. Likewise. in considering 
the final factor of height-to-buildup ratio h/b, current 
practice was recognized in the limitations set up in Table 


ITI 


Once these established. the 


important parameters for a complete matrix of core sizes 


governing tactors were 


was caleulated starting 


width and inside diameter 


with the standard values of strip 
Well over 100 different cor 
sizes appeared in the matrix. From these, 21 core sizes 
were finally selected for Table I to fit into a smooth 


Existing core ize ot wide 


proeression, 


usage were 


selected wherevet possible 


towing Is the verbatin ot the proposed stand 


Core Size Standards 


Scope. The scope of this standard is restricted to the 
mmmendation of nominal dimensions for toroidal strip- 
sund cores made from magnetic tape between approxt- 
mately 0.014 and 0.0005 in. in thickness and without 
regard to the Bobbin- 


o material used 
wound cores of ultra-thin magnetic tapes are not in luded. 


ty pe ot magnet 


\lso excluded from consideration are recommendations 


Table Ill—Proposed Standards 
for the Choice of 
Future Core Dimensions 


Strip widths, in: 


1D/OD ratio: 0.56 < ID/OD < 0.85 


Height /build-up ratio: 1sh/bs4 


Strip thickness, in. s 10/125 


on dimensional tolerances. space 


factors. number of 


wraps of tape, core case shape or size. and particular 
values of strip thickness. 


Definitions of Terms and Symbols. The symbols 
used in definition of core dimensions are shown in Fig. 1. 


ID inner diameter of the core 
OD outer diameter of the core 


h the width of the strip from which the 
core is wrapped (this corresponds to the 
core height) 


core buildup (OD—ID) /2 


core area without regard to tape stack- 
bxh 


7 ID?/4 


ing factor 
Ww indow area 


magnetic path length calculated as the 
arithmetic mean 7r (ID + OD) /2 

Standard Core Sizes. In Table | are presented the 
standard. This 
divided into two groupings based on values of ID/OD 
ratio. Cores in the first grouping. 
have ID/OD ratios less than 0.70. 


core sizes recommended as 


listing is 
entitled “Low Gain” 
These cores are gen 
erally best suited for applications where considerations of 
maximum output power for minimum size and weight 
are of prime importance. Cores in the second erouping 
entitled “High Gain.” have ID/OD ratios greater than 
0.70. These cores are generally best suited for applica 


tions where maximum power gain and/or minimum 


response time are of prime importance. 

The maximum tape thicknesses which may be used for 
the various recommended standard core sizes are sub- 
ject to a natural limitation because of practical winding 
difficulties. A standard maximum tape 
thickness, noted at the foot of Table I. is of the 1D 


for the core. This recommendation applies to both stand- 


rec ommended 


ard and non-standard core sizes. 


Non-Standard Core Sizes. It is anticipated that in 
some few very critical applications that it will be im- 
possible to utilize one of the recommended standard core 
sizes. For this reason a tabulation of core sizes which 
are not recommended as standard but which have found 
wide usage is given in Table Il. This tabulation is in- 
tended as a first guide in the choice of a non-standard 
core size. 

If in the solution of a critical design problem it is 
impossible to utilize a core size listed in Table I or in 
Table II. it is strongly recommended that general stand- 
ards on strip width and inner diameter be adhered to. 
These standards. along with recommendations as to limit- 
ing values of h/b ratio. ID/OD ratio, and strip thickness 
are given in Table III. ) 
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Evaluation Tests for 
Epoxy Casting Systems 


Selection of an optimum casting resin 


system for specific applications requires 
qualitative test data on service perform- 
ance under increasingly higher tempera- 


tures. A heat-aging test method described 


in this article is used to obtain such data: 
it is also useful for screening raw mate- 
rials for the resin systems. Performance 


of various systems ts compared. 


MARK V. GOODYEAR, Technical Director 

J AMES P. HORNBURG., Director of Research 
Hoventon Laporatortes, INCORPORATED 
Olean, N. Y. 


LE POXY-RESIN SYSTEMS are widely used for the embed- 
ment. encapsulation and potting of electronic compo 
nents and circuits.* A particularly advantageous com- 
bination of properties has earned for the epoxy resins 
a dominant position in these types of applications. But 
with wider use, the problems of resin-system evaluation 
have become progressively more critical. 

During the early stages of development. unmodified 


resin-hardener systems were used. As requirements be- 


came more severe, these systems were found unsuitable 


for many purposes. To solve specific problems, it became 
necessary to modify existing systems with fillers, other 
resins. fibers or combinations of these. This started a 


vicious circle—more systems to evaluate for more severe 


service use. To find the best system for a particular 


application—on the basis of economy and quality 


could be a never-ending task. This article presents test 
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procedures that have beet 


and to reduce probable er 


Design Requirements 


Published physi il and electrical test data castil 


} 


resins have heretofore omitted one important set 


of values: What happer to these resin systems du 


service? The need for this information has be 


more critical as 


OTeSSIVELY operating 


temperature re 
quirements have risen from 105 C. to 130 C. to 


to.175'«. 


| 
ind now to 200 ¢ nd higher. Design engineers 
ire asking “What happens to these systems wher 

operate at 150 C tor “X 


lo select the optimum system two steps have 


period of time?” 


followed: 
lL. Screen experimental systems. 


2. Accumulate test information § on 


svstems durit 
simulated service testing. 
Preliminary screening tests (viscosity, pot life, shrink 
age. exotherm) will serve to eliminate the obviously 
unsuitable systems. A test procedure designated “Heat 
Endurance Tests” has been devised for the simulated 


service evaluation. 


Method of Testing 


Procedure. Heat endurance tests are actually thermal 
cycling tests with emphasis on high temperature expo 
sure. Test specimens were 1x in. x 4 in. x 4 in. sheets 
prepared by standard casting techniques. Information on 
the casting techniques for each system, has been accum 
ulated by the preliminary screening tests such as pot 
life, exotherm. shrinkage and viscosity studies. The heat 
endurance test comprises the following procedures: 

1. Weighing specimens for weight loss studies. 

) 


2. Testing electrical properties: Volume resistivity at 


elevated temperatures: dissipation factor at 25 ( 
dielectric constant at 25 C. 
Exposure to elevated temperatures for 312 hr. The 
panels are laid flat on heavy screening in a conve: 
tion oven, S in. apart, to allow for tree flow of air. 

1. Repeating the cycle. 

Many svstems have been evaluated by this test. Data 


have been obtained on liquid and solid epoxy resins. 





with various type hardeners—acid anhydrides, aliphatic Measurements. The overall electrical properties, meas- 
amines, aromatic amines, and on combinations of these. ured as volume resistivity at elevated temperature, dis- 
Variations in formulations include reactive and non- sipation factor at 25 C, and dielectric constant at 25 C. 
reactive plasticizers; reactive and nonreactive diluents; consistently show improvement with continued heat 
filled and unfilled systems. exposure. 

Test Endpoint. Before looking at the values obtained Tests were varied by holding the specimens at 130 C, 
from the various tests, the endpoint of the test should be 150 C, 175 C or 200 C and by measuring the volume 
established. The endpoint is a physical condition. When resistivity at these temperatures. In the first test. 20 
specimens fail, they do so as a result of severe em- systems were evaluated by exposure to 175 C_ with 
brittlement, cracking. or blistering. Or small fissures may volume resistivity measurements taken at 130 C. 
gradually develop into large cracks. Never has a sharp 
drop in electrical properties been noted in these tests Test Data 
prior to physical failure. Or to say this in another Test No. 1. Dielectric constant and dissipation factor 
manner. if the piece remains physically intact. the elec- vs hours exposure at 175 C are plotted in Fig. 1. As 
trical properties are maintained. shown, the dielectric constant is virtually unchanged 

The physical endpoint that was obtained in all these after exposure. The dissipation factor is unchanged for 
tests emphasizes that the first prerequisite for a success- anhydride-cured systems and shows a gradual improve- 
ful casting system is physical integrity at the operating ment with exposure for the amine-cured systems. 
temperature. The electrical properties are important, but Figure 2 shows the volume resistivity measured at 
must be secondary. for unless the system remains intact. 130 C as a function of hours exposure at 175 C. A 


the best electrical values are worthless. gradual improvement in volume resistivity values is 


> 
°o 


Anhydride-cured system 


Amine-cured system 


Dielectric 
constant 


w 
°o 


Fig. 1—Dielectric constant and dissipation factor of epoxy 
resin casting systems after indicated exposure at 175 C, 
measured at 1 me and 25 C. 
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Hours exposure ot 175 C 
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Amine-cured systems 
Fig. 2—Volume resistivity of 
epoxy resin systems measured 
at 130 C after exposure at 175 C. 


Anhyaride-cu 


resistivity, ohm 


A. at 
1000 2000 
Hours exposure at 175 C 


Excellent | ee a Oe Oe 8 
ee Systems A ate S| 


Good 


Slight F issures = . ees . ‘ 
’ Systems 8 Fig. 3—Physical conditions of epoxy resin systems during ex- 


Poor posure at 175 C. Key: 
Severe Fissures 


Systems A—Include all anhydride systems, filled and unfilled. 
Foil Systems B—Include filled aliphatic amine and filled and un- 
Crocks filled aromatic amine systems. 

Systems C—Include unfilled aliphatic amine systems. 


ELECTRICAL 





evident. This indicates undercure for most of these sys- 


tems. The cures used are the conventional schedules 
which are in use in industry. 

\s already stated, the endpoint of this test is physical. 
Figure 3 shows what happened to various systems during 
this exposure. Physical failure by cracking is plotted vs 
hours exposure at 175 C. The unfilled aliphatic amine 
systems are improved by the use of fillers, as seen by 
comparing Systems C and B. In comparing Systems A 
and B, the anhydride-cured systems give better physical 
performance, than the amine-cured systems. 


Test No. 2. With the Test No. ] 


as the basis for further testing. a second heat endurance 


information. from 


series was run to consider the effect of: 


1. Reactive and nonreactive additives in the system. 
2. Filled and unfilled systems. 
}. Other acid 
\s the electrical values obtained are a repetition of 
the first test. 


difference in electrical values is noted, in comparing the 


anhydrides and amine hardeners. 


they will not be 


listed. No appreciable 


filled with the unfilled systems and in comparing the 


Fig. 4—Weight loss of epoxy resin systems, during exposure 
at 175 C. Key: 


Systems A 
Systems B 
Systems C 


Control, highly filled anhydride system. 
Control, highly filled aromatic amine system. 
Reactive diluent, highly filled aliphatic amine 
system. 
—Reactive 
system. 
Nonreactive plasticizer, filled aliphatic amine 
system. 

Systems F—Nonreactive diluent, aliphatic amine system. 
Systems G—Reactive plasticizer, flexible anhydride system. 


Systems D plasticizer, resilient filled anhydride 


Systems E 


——-—— 
——_ 
——_ 
eer Excess plosticizer 


weight loss 


Percent 


Fig. 6 


1000 hr. 
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Relationship between per cent weight loss and per 
cent linear shrinkage in epoxy systems exposed at 175 C€ for 


control systems with the systems using reactive additives. 
There is a significant difference in the resin systems 
using nonreactive additives and the systems using reac- 
tive additives. 

The systems using nonreactive additives give unusually 
low initial volume resistivity values when 
130 C on the order of 
first cycle at 175 C, these systems improve up to the 
level of the This 
improvement appears to be related to the weight loss 
As in the first test, 


the physical properties are affected more than the elec- 


measured at 
10° ohm-cm. However, after the 


controls to values of 10'* ohm-cm. 


figures which are given in Fig. 4. 
tric al properties, 


\cain 3 all of 


showed the characteristic fissuring by 1000 hr, but none 


as shown in Fig. the amine systems 
of the acid systems showed any signs of cracking at 
2200 hr when the test 

The effect of filler 
weight loss in proportion to the filler content. Figure 4 
75 C. This 


Systems C 


was terminated. 
in the systems was to cut down on 


plots the weight loss vs hours exposure at 


eraph compares control Systems A and B, 


Percent weight loss 


Fig. 5—Per cent weight loss of additives in epoxy resin systems 
during exposure at 175 C. Key: 


Systems A—Reactive diluent, aromatic system. 

Systems B—Reactive diluent, aliphatic system. 

Systems C—Reactive plasticizer, resilient, anhydride system. 

Systems D—Reactive plasticizer (excess), flexible, anhydride 
system. 

Systems E—Nonreactive plasticizer, aliphatic amine system. 

Systems F—Nonreactive diluent, aliphatic amine system. 
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Fig. 8—Veolume resistivity measured at 200 C 
vs exposure at 200 C of rigid and resilient 
epoxy resin systems, (See key in Fig. 7 for 
identification.) 
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x Failure by crocking 
© Continuing on test 





ind D using reactive additives, Systems E and F using 
ionreactive additives, and System G using an excess of 
plasticizer to achieve flexibility. 

It is evident that the nonreactive additives are driven 
out of the cast sheets rapidly. The reactive additives do 
cause a slight increase in weight loss. The flexible Sys- 
tem G does not look very practical as the excess plasti- 
cizer that gave it flexibility is lost rapidly. 

The values in Fig. 4 are for total loss of weight on 
these various systems. The graph in Fig. 
weight loss of the additive used in these systems. These 
values have been corrected for resin plus hardener weight 
losses by subtracting the weight loss of control panels. 


\pparently, the reactive additives tend to stay in the 


casting while the nonreactive additives are driven out 
very rapidly. 

It is felt that the systems with high weight losses are 
unsatisfactory but it is not known just how “high” high 
is. A look at the relationship of weight loss to shrinkage 
would be helpful in determining the relative importance 
of these weight loss values. Figure 6 compares these 
values. As noted, the weight loss and shrinkage values 
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Fig. 7 


5 plots the 


Per cent weight loss in epoxy resin systems during 


exposure at 175 C and 200 C. Key to systems and exposure 
temperatures : 


Systems A—At 175 C, filled rigid anhydride system. 
Systems A’—At 200 C, filled rigid anhydride system. 
Systems B—At 175 C, filled aliphatic amine system. 
Systems B’—At 200 C, filled aliphatic amine system. 
Systems C—At 175 C, filled resilient anhydride system. 
Systems C’—At 200 C, filled resilient anhydride system. 
Systems D—At 200 C, filled rigid experimental system. 
Systems E—At 200 C, filled resilient experimental system. 


x -Follure by cracking 
©-Continuing on test 


— alli 
500 1000 


Hours exposure at 200C 


Fig. 9—Per cent weight loss of flexible epoxy 
resin systems during exposure at 175 C. Key: 


Systems A—Filled 

Systems B—Unfilled 
Systems C—Filled 

Systems D—Unfilled 
Systems E—Unfilled 
Systems F—Unfilled 
Systems G—Unfilled 


are proportional. The lowest shrinkage possible is the 
direction in which to go. A high weight loss means high 
shrinkage that would cause cracking of the encapsulating 
coating. 

lest No. 3. To reach an endpoint on the better sys- 
tems, the holding temperature was raised to 200 C for 
the third series of tests, and the volume resistivity was 
tested at 130 C, 150 C, 175 C and 200 C. The test 
cycle was cut to 4 days. Some high temperature-resistant 
experimental compounds were added as controls. 

Figure 7 plots weight loss vs hours exposure at 175 C 
and at 200 C. Again failure was physical. In this test an 
accelerated rate to failure at 200 C as compared to 

79 C is obtained. Here we note that some resiliency is 
beneficial in achieving longer life at 200 C before fail- 
ure. This is pointed out by comparing Systems A’ and 
C’. and Systems D and E. 

It should be pointed out that “heat distortion” and 
“heat endurance” are not necessarily related. As noted 
here, the resilient lower heat distortion systems have 
outperformed the rigid higher heat distortion systems. 

Figure 8 plots the volume resistivity measured at 
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200 C vs hours exposure. The electrical values are again 
a repetition of the values of the first tests with improve- 
ment noted during exposure. 

Test No. 4. The fourth series of tests evaluates flexible 
systems. Figure 9 plots weight loss vs hours exposure at 
75 C. These curves represent different plasticizing meth- 
ods used to obtain flexibility. It is noted that only Sys- 
tems A and B appear promising for operation at elevated 
temperatures. The lower the curve the better we like the 
system. 

The electrical values for Systems A and B are again a 
repetition of the values shown in Figs. 1 and 2. 

Exposure at 175 C is too severe for some flexible 
systems in that they fail too rapidly before any real 
comparisons can be seen. Therefore, to stretch out the 
life of the systems, lower temperatures are used. 

Test No. 5. 


system at various temperatures over a wide range. On 


This test is used to evaluate a single 


this particular flexible system, failure by cracking occurs 
at 100 hr at 200 C, at 400 hr at 175 C, and at 1000 
hr at 150 C. At 130 C 


continuing on test after 2000 hr with weight losses on 


and 100 C the panels are 


the order of 6 per cent for the 130 C panels and 1.8 
per cent for the 100 C 
hoped to relate heat endurance at elevated accelerated 


panels. From such tests, it is 


temperatures to heat endurance at lower operating tem- 
peratures similar to the well known “10-degree law” 


described by Moses and others for evaluating insulating 
varnish. 


Conclusion 


The heat endurance test described here was selected 
for the following reasons: 

1. Most systems must operate at elevated temperatures. 

2. Very little information was available as to what 

happens to the systems during several hundred hours 

of service. 

The test could be changed to make it less severe or 

more severe by varying the temperature at which 

the panels are exposed. 

1. Test data may be extrapolated to other conditions. 

The test data are of value in recommending epoxy 
systems for elevated temperature service. Satisfactory 
performance under the test conditions. however. does 
not necessarily mean that the system will be ideal for 
use in encapsulating complex shapes, but it does give a 
direction in which to work. 

It is believed that good correlation between these 
tests and production applications does exist. For this 
reason the usefulness of the heat endurance tests is 
apparent. The many raw materials (resins, fillers. plas- 
ticizers, and hardeners) used in producing epoxy systems 
make the use of screening tests imperative in the 
tinual search for improved systems. 


Correction—Aluminum-Clad Magnet Wire 


Autnor C. L. 


CARLSON calls attention 


to an error in two of the original 


graphs of his article, “Aluminum-Clad Copper Magnet Wire for Elevated Tem- 
perature Use,” June 1957 ELecrricaL MANUFACTURING, page 164. In Figs. 4 and 5 


the per cent change in room-temperature resistance for the bare magnet wire 
after aging was given as per cent loss instead of per cent gain. Corrected graphs 
are reproduced herewith. Fundamentally, of course, an increase or per cent gain 
in resistance would be expected under the conditions noted. 
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Fig. 4—Per cent gain in room-temperature resistance for Fig. 5—Per cent gain in room-temperature resistance alter 
asluminum-elad copper wire after aging at indicated tempera- normal resistance 5.100 
tures. Wire is 48-mil diam (normal resistance 5.100 ohms 
per 1000 ft). 


aging of 45-mil diam copper wire 
ohms per 1000 ft). 





Program Control by 


The application of slider-type crossbar switches or punched cards to the posi- 
tioning of rolling mill screwdown drives illustrates the latest type of program- 
ming. The control system also includes magnetic amplifier switching elements. 


step position control from a faceplate rheostat. and synchro feedback. 


F. A. MANNERS and C. A. SCHURR blooming mill shown above. where metal is passed 
Development Engineers, Electric Controller and Mfg. Div. 


back and forth through the rolls. a foot switch in the 
Souare D Company, Cleveland. Ohio 


operator's pulpit controls the roll drive motor. Screw- 
down motors. controlled either manually or automatically. 
SEQUENTIAL PROGRAMMING OF ROLL SEPARATION in a re position the upper roll to control the amount of metal 
versing mill has been a fertile field for automatic electrical reduction for each pass of the slab through the mill. 
control for many years. One of the earliest installations Front and back roll tables. which direct the metal to and 
incorporating programmed control of rolling mill screw from the work rolls. are controlled manually by master 
downs was described over twenty-four years ago. Control switches in the pulpit. On certain mills, there are also 
requirements depend upon the type of mill and_ the vertical edging rolls, side guides for positioning the 


product being rolled. In reversing mills, such as_ the metal. manipulating fingers for turning the metal over. 
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Left—Control of reversing rolling mill is maintained from 
operator’s pulpit. Addition of an automatic programming device 
can greatly increase production and quality. 


Right—Crossbar slider switch for control of a vernier position- 


ing system. A similar unit controls main, or coarse, positioning 
system. 


Below—Punched card for programming screwdown drive con- 
trol. Machine has maximum roll separation of 60 in. with 2-in. 
coarse (main) steps and 1/16-in. vernier steps as indicated on 
the sections of the card. 


MAIN INCHES ——-——- nemo, IES merenttey —— AIR A 
Titecs cadet icieiies peaneticuae pees eer becr err cevisb ravers eee it 


Rew e Ccmew eee jes poe? beget eked poh boas ve baw ee 
33'333333333333; pape) 9325433395359338388809p993359999395989993333 

555S55 ssssssesssessssssssbssss55s 555558905555 SSSeTRSESSSSSSSESBSSSSSSIS SSS 

Fete tag ONO O Oe He Oommen +34 soaaer 


SS: 
9977777, MPPTIIIINTT ITV ITT7I 1979 7777712 PRT TTRRT IT TTTITTVVTI TA ITTI ITA TTT 
19299999999998999999999999999999990999 3090099990390 99009 9099999 
ate ' at saat APNGO EERE CO EI Hee tt i eg 
‘3 gee 333333333333333333339 33333333333333939233933395339273 9399833333399 33333993 
is 555 5555555555555555555555555554555555555055" SSSSOSSSSSSSESSSS SOB SSSSSSIBSSSSSSS 
17 7777 PPIITITIIITIIIIFTIII? TI VPITIAIITIT IIIT IIIT arty 777777 1777777777 7777777 


ie” eee eeene anew y*ttere 
48 9999'}099999999999999909009009 0000090900009 dioos 299999999999999999990999990900 
bAvecageererers Pecetreetat ! pil THHth iteal Seee eR eee ee tie epaa teste ' 


eaeae ee ee rr begs 


= 333333333333333333323333333333833 sndistsssssasteiass cublaeaeodiaealial 
2 995$5555555$5555555555555555555 9BS55565555535559595 92955 SESS SSSESgSg Sp SSmess 


tet eee eka me bee ereeere 


? PITITIIIDITINIDIVITIT? 77 72777 TTT PTTTINTT 77777797 TITAN TITATTAT 
19999999099099990999¢ 999 99999999999999) 999999999000 9090900 
; : ota 


= = OO IOLA WH 


=o 


Slider Switch or Punched Card 


and turn-around tables for broadsiding operations. These Basic Programmer Design 
functions are controlled by means of various master 


switches, or they may be tied into a completely automatic 
system. The operators are faced with the diflicult problem 
of coordinating these numerous actions efficiently to 
obtain quantity production while maintaining high prod- 
uct quality. 


The basic problem then is to adjust the roll separation 
accurately and quickly during the intervals between 
successive passes of the mill. The system to be described 
is a closed loop position controller (Fig. 1) which moves 
the upper roll to scheduled positions during these inter- 
vals. After the correct position is reached. a brake is set to 
prevent further movement when the metal enters the mill. 
Directional control—up or down—depends on a voltage 
signal whose polarity and magnitude vary as the differ- 
ence between the existing roll separation and_ the 
scheduled separation. This voltage is obtained from a 


The upper roll is positioned vertically by screws driven 
by d-c mill motors through worm and gear combinations. 
If the screwdown drive is not under the control of a 
programming device, the operator must memorize the 
rolling schedule and control the screwdown motor by 
a master switch, watching a large dial indicator which 


: : . ; rheostat having a large number of taps. each correspond- 
tells when the required roll separation is attained. In a 


ing to a certain roll separation. The programming device 


yrrogrammed system. movement of the rolls to a new 
en" . selects the proper tap for the separation desired. The 


position may be initiated either automatically by a device 


: : : position of the rheostat arm, which is coupled to the 
which senses the emergence of the metal from the rolls . 

, ; ; screwdown motor electrically through a synchro trans- 
or manually by operation of a pushbutton for each pass. mitter and receiver. corresponds to the actual roll separa- 
\fter such initiation, the serewdown motor drives the tion. The voltage between the selected tap and the arm 
rolls to the opening called for. The operatot need not is then used to control the speed and direction of the 
memorize the schedule nor control the motor during this screwdown motor. A rotating cam switch. brought into 


movement, 


play near the end-point of the drive movement. provides 
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a final slowdown and stopping of the motor. 

The electrical operation of the system can best be 
explained by reference to the schematic diagram. Fig. 2 
In this system the programming device consists of a step- 
ping relay and a slider-type crossbar switch. Each position 
of the stepping relay corresponds to a successive pass 
of the mill, and the stationary contact for each position 
is connected to a corresponding vertical bar on the slider 
switch. The common terminal on the stepping relay is 


connected to one side of the input to the static switching 


elements. Thus, when the stepping relay is in position 13, 
it makes a connection between the thirteenth vertical bar 
and one side of the static switching elements. A slider on 
each vertical bar can be moved up or down to make con- 
nection between that vertical bar and one of the horizontal 
bars. Each horizontal bar corresponds to a certain roll 
separation and each is connected to a tap on the faceplate 
rheostat. 

If the slider on the thirteenth vertical bar is set to 
make contact with the horizontal bar marked 614 in., one 
of the input terminals of the static switching elements 
is connected through the stepping relay, the thirteenth 
vertical bar, and the 614-in. horizontal bar to the cor- 
responding rheostat tap. The rheostat arm is connected to 
the other input terminal of the static switching ele- 
ments. With the rheostat arm, which is coupled to the 
screwdown motor, making contact with tap 4 (which cor- 
responds to 6 in.), the signal applied to the static 
switching elements is the voltage between tap 3 and 
tap 4. With this input, the switching  ele- 
ments produce an output which causes the screwdown 
motor to rotate in a direction such that the rheostat arm 
moves toward tap 3. When the arm reaches tap 3. the 


signal 


signal voltage is reduced to zero and the motor comes 
toa slop. 

In a long movement (two or more rheostat tap posi- 
tions) the signal voltage decreases in steps as the desired 
tap is approached. to slowdown the motor automatically. 


The basic 


number of possible roll separations which can be selected 


system described here is limited in the 


since there must be as many taps on the rheostat as the 
number of stopping positions. It is impractical to use 
more than about 50 taps. This simple control is also of 
severely restricted accuracy. As soon as the rheostat arm 
reaches the desired tap, the static switching elements call 
for zero motor speed. Since the tap contact bars on the 


faceplate rheostat are wide. the system may 


relatively 
come to a stop before the arm has reached the center of 
the bar and. hence. before the roll has actually reached 
the desired position. Similarly the inertia of the system 
may carry the arm beyond the center of the tap bar. It is 
difficult to adjust the system so that it will stop exactly 
at the center of the tap. since the total movement is not 
always the same and, consequently, the motor is not al- 
ways rotating at the same speed when the desired tap is 
reached. 

This inaccuracy can be largely eliminated through the 
addition of a rotating cam switch geared to the rheostat 
irm so that the cams make one revolution as the arm 
moves from the center of one tap to the center of the next. 
The cams are set to assume control of the motor when the 
signal voltage reaches zero at the edge of the desired 
tap and maintain control until the center of the tap is 
reached. Additional cams can be used to slow down the 
motor hefore the center is reached. 
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Fig. 1—Serewdown motor positions rolls in response to signal 
from faceplate rheostat with synchro connection to feed back 
roll position at any instant. 


Vernier Control 


The system shown in Fig. 3 is similar to that in Fig. | 
except that a mechanical differential has been interposed 
at point X. With shaft c 


locked. the system operates 
exactly as before, but 


rotation of shaft c¢ introduces 
displacement of the coarse rheostat with respect to the 
roll position. By the addition of a second rheostat and 
control system, a fractional-horsepower motor can be used 
to provide automatic adjustment of shaft ce. 
a “vernier” 


In this way 
introduced into the 
vernier control 


adjustment can be 


main control 


system. The svstem is 


similar to the main one except that a rotating cam 
switch is not necessary since the load on the vernier 
motor is essentially constant and its speed can be adjusted 
so that the rheostat arm always stops in the middle of the 
tap. The gear ratios are such that one rotation of shaft c 
corresponds to one increment of the main or “coarse” 
rheostat so that the vernier rheostat can be used to 
provide fine adjustment for each coarse step. For example. 
in a programmer in which the coarse rheostat controls 
the roll separation in increments of 15 in., the vernier 
system can refine the control to obtain increments of 
0.025 in. The slider switch for the control of the vernier 
on such a system is shown in the illustrations at the 
head of this article. 

The operation of a system with vernier control is as 
follows: Suppose the programming device calls for a roll 
separation of 10 in. At the end of the movement to 10 
in., the vernier rheostat arm is at the center of the zero 
tap and the coarse rheostat arm is at the center of the 
10-in. tap. When the movement is complete and while the 
metal is passing through the rolls. new programmer in- 
formation is fed into the system for the next pass. 
Suppose that the new information consists of coarse and 
vernier inputs of 6 in. and 14 in. representing a desired 
roll separation of 614 in. The vernier motor responds 
immediately to the 14-in. signal. driving the verniet 
rheostat toward the balance tap. Through the differentia! 
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grammed information to control screwdown motor 
static switching elements. 


(shaft a is locked since the screwdown motor is de- 
energized) the vernier motor also drives the 
rheostat arm away from the center of the 10-in. tap 14 in. 
toward the 9-in. tap. When the 10-in. pass is complete, 
the operator pushes a button which energizes the screw 
down motor and it drives in a direction to move the 
coarse rheostat arm toward the 6-in. tap. However, the 
distance from the center of the 10-in. tap to the cente1 
of the 6-in. tap has been shortened as a result of the 14-in. 
adjustment made by the vernier system. The distance 
now corresponds to a roll movement of 3°4 in. Since 
the original separation was 10 in., the new separation 
will be the desired 614 in. Upon completion of the move- 
ment. signal information for the third roll is introduced 
and the process is repeated, 


Static Switching Elements 


Magnetic amplifiers are used as static switching ele- 


ments controlling relays which in turn control the main 
motor speed. Fig. 4 shows the relationship hetween output 


and input for a self-saturating magnetic amplifier. The 


curve can be divided into three regions: a region of full 
output which is described as “switched on”: a region of 
“switched off’: and. be- 
tween them. an amplifying region in which the output 


changes rapidly 


minimum output described as 


for small changes in input. Through 
proper biasing. the characteristic may be shifted so that 
a zero input signal falls in the switched off region at the 
edge of the amplifying region. In this system, the input is 
derived from the faceplate rheostat and is made up of 
steps. the difference between steps being the voltage be- 
tween adjacent taps on the rheostat. Each voltage step, if 
of the proper polarity, is sufficient to drive the amplifiet 
into the on region. A step of the opposite polarity drives 
the amplifier further into the off region. The input wind- 
ings of the directional amplifiers are connected in series- 
opposition so that a signal whose polarity is such as to 
switch one of them on will maintain the other off and 
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Fig. 4—Output characteristic of self-saturating magnetic amy 
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vice versa. Fig. 5 shows the combined characteristics of 
the two directional amplifiers. 

In addition to the directional amplifiers, each control 
system contains one or more amplifiers called “slowdown” 
amplifiers. The slowdown amplifier is biased heavily 


positive so that it is on when the input signal is zero and 


may be switched off only by a large negative signal. The 


control winding of the slowdown amplifier is connected 
to the signal circuit through a full-wave rectifier as shown 


charac- 
teristics of “up” and 


Fig. 5-—Combined 


, Output 


“down” magnetic amplifiers. 
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obtained through a full-wave static rectifier. 





Fig. 7—Punched ecard is read 


one line at a time in this 
automatic reading machine. 
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in Fig. 6 so that the signal current is always negative. 
The value of input signal necessary to turn off the am- 
plifier can be adjusted by changing the amount of bias. 

When a large movement of the screwdown drive is 
called for by the programmer, the signal is large and 
one of the directional amplifiers is on while the slowdown 
amplifier is off. The direction amplifier causes full power 
to be applied to the motor which, consequently. ac- 
celerates to full speed. As the roll approaches the desired 
position, the input signal reduces in magnitude and. at the 
proper time, the slowdown amplifier switches on causing 
the motor connections to be changed in a way to de- 
celerate the motor. Sometimes two slowdown amplifiers 
are used. the second switching on at a lower signal than 
the first. The use of the slowdown amplifiers ensures that. 
when the cam limit switch takes control near the end of 
the movement, the relatively high inertia system will be 
moving slowly enough to obtain accuracy. The points 
at which slowdown is applied are adjusted to be as late 
as possible, however, in order to take full advantage of 
the maximum motor speed and maintain maximum mill 
production. 


Programming Devices 


Two methods are presently available for programming 
this system. Either or both may be used. The one already 
described is the slider-ty pe crossbar switch where pro- 
gramming is accomplished by individually setting each 
slider. Separate panels are used to set up the coarse and 
vernier information, thus making it necessary to adjust 
two sliders for each pass. A multi-level stepping relay 
is used to sequentially connect the information from 
these panels to the signal system. In most installations. 
duplicate program panels are provided with a transfet 
switch to permit operation on one panel while the other 
is being set up. 

The other programming method uses punched cards 
such as the one shown at the beginning of this article. 
made of a durable 
60-in. 


opening covered by 30 coarse increments of 2 in. 


This ecard. plastic. is for use 


with a mill having a range of controlled 


each and 32 vernier increments of ',, in. The 


card is divided into three sections. Coarse In- 
formation is punched into the left section, vernier in 
formation into the center section, and auxiliary informa- 
tion into the right section. Auxiliary information might 
include functions such as the control of roll drive speeds 
or of water sprays or the initiating of signals for as- 
sociated equipment. A hole punched in the extreme right 
column causes the program to recycle after the last pass 
has been rolled. Each horizontal line carries the informa- 
tion for one pass. With 30 horizontal lines. the card can 
accommodate a program of up to 30 passes. One of the 
advantages of the cards is that they are direct-reading 
for easy preparation and simplicity in interpretation. 
The punched cards are interpreted in the card reade1 
illustrated in Fig. 7. The card is inserted through the 
slot onto a carriage inside the machine and is auto- 
matically positioned so that the first row of punched 
holes lines up with a row of 85 fixed contacts and 85 
spring-loaded brush contacts. The fixed contacts are on 
one side of the card and the brush contacts on the other. 
The spring pressure in the brushes holds the contacts 
against the card so that they pass through the holes to 
touch the fixed contacts. The fixed contacts are con- 
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nected to the taps of the coarse and vernier rheostats in 
the same manner as the horizontal bars of a slider switch 
and the brush contacts are connected to the static switch- 
ing elements in the same manner as the common arm of 
the stepping relay. Thus, when a hole occurs in the card. 
the circuit between the two contacts is completed and 
the system operates as previously discussed for the slider 
switch control. The reader automatically indexes the 
card forward between each pass of the mill to read the 
next line. 


Manual Operation 


For working cold metal. in the event of emergencies, 
or for short orders where setting up a special schedule 
may not be justified. it may be desirable for the operator 
to take control away from the automatic equipment and 
position the screwdown motors by means of a conven- 
tional master switch. For this purpose the master switch 
is connected to override the automatic equipment. A 
“pass advance” button to index the programming system 
to any desired pass is also normally supplied. 

Programmed control of reversing mills has permitted 
increased production and closer tolerances wherever it 
has been used. On multi-function operations, such as a 
wide-flange beam mill where three sets of rolls are posi- 
tioned simultaneously, the single pushbutton automatic 
control permits operating at full capacity. Where edge 
rolling is used. the automatic system controls the rela- 
tionship between the speeds of the edger and horizontal 
rolls according to the horizontal draft being taken. A 
single pushbutton initiates the operation. Horizontal rolls, 
edger rolls, and side guides are positioned and edger roll 
speed is controlled by the program on the slider panels 
or punched cards. In all cases, the burden on the opera- 
tors is relieved, permitting concentration on those control 
functions which require human judgment. : 
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grammed control of d-c adjustable-voltage, variable-speed drive 
motors. 
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and Lamson), October 1956, page 140. Numerically controlled 


lathe combines relay matrix, two-motor hydraulic servo valve, 
printed-circuit digitizer. 


Progress in Numerical Programming and Statice Controls (West 
inghouse Machine Tool Forum), June 1956, page 84. Extension 
of punched tape and cards to programming of turret lathes, 
cam millers, and variable speed drives and the redesign of static 


controls. 


Packaged Programmer Features Drum-Type Memory (Bullard 
Boring Machine), April 1956, page 104. Numerical control of a 


vertical turret lathe is achieved in a uniquely packaged pro 


grammer which can be used as an accessory to basic machine. 


Computer-Prepared Numerical Data for Machine Control (Gid- 
dings & Lewis), January 1956, page 102. Magnetic tapes pre 
pared by an electronic computer from data punched into paper 
tape from parts drawings are used in control of milling machines. 

Step Motor Used in Digital Positioning Control, December 1955, 
page 152. Multiple magnetic motor with field coils pulsed from 
a d-c source through data stored on tape provides high positional 
accuracy in open-loop system. 

Applying Punched Cards to Time-Based Programming (Industrial 
Timer), December 1955, page 121. Punched-card techniques are 

applied to automatic cycles established on the basis of time. 


Source of Error 
in Production Testing 
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It should be noted that all the small motor test data 
used to illustrate these principles in the foregoing were 
obtained under laboratory conditions, which generally 
represent higher levels of testing skill, better instruments 
and less stringency in relation to time used for testing 
than are found in production testing operations. Even 
so. it is evident that tester bias and experimental error 
contribute measurably to the dispersion of test data. The 
important implication for product and manufacturing 
engineers is that the tendency is to attribute the per- 
formance variation to the product alone, and as a result 
improved manufacturing techniques and quality control 
are demanded. Frequently the true nature of the in- 
trinsic product variation can be clarified by a simple and 
inexpensive investigation of other sources of error, and 
the form and degree of their contribution to apparent 
product performance variation. ) 
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Error Compensating Coupling 


for Rotary Controls 


Despite production precautions and de- 
sign refinements. rotary control devices 
such as synchros and potentiometers ex- 
hibit “errors.” These are typically a com- 
plex of cyclic and spot deviations through 
a complete rotation, so that any compen- 
sating device intended to minimize these 
errors must allow adjustment at individ- 
ual points throughout 360 deg of angle. 
The compensating system described here 
is unique in that these point-by-point 
adjustments are entirely independent of 


one another. 


M. R. ALEXY 
lirborne C & N Engineering 


Rapro CORPORATION OF AMERICA 


Camden. N. J. 


\\yY OF THE VARIOUS TYPES of rotary control devices 
produce, by one means or another, an electrical signal o1 
‘output” which is a unique function of the input angular 
rotation. A deviation from strict adherence to the func- 
tion relating signal output to angular input is an error. 
The error, over a complete 360 deg rotation, is generally 
a composite of regular rotational deviation patterns and 
localized spot errors. In a synchro or resolver, for in- 
stance. non-concentricity between rotor and stator will 
produce a cyclic smoothly progressive error spread over 
a large rotational angle, whereas localized lamination 
erinding faults. variations in slot openings and the like 
will introduce random spot errors. The total error, at 
anv angular setting. will be the resultant of these com- 
ponent errors. Potentiometers may exhibit errors due 
io variation in winding resistance resulting from non- 
uniform resistance wire. from variations in tension dur- 
ing winding or in the spacing of successive turns of the 
winding. and from other factors. 


An error. then. is an electrical signal that is larger 
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Fig. 1—Details of compensator construction. 


(positive) or smaller (negative) than it should be at 
any particular angular setting of the control device. A 
positive error might be corrected if the device shaft could 
be retarded slightly at the given angle, or advanced 
slightly to correct a negative error. A compensating 
coupling is a device to be interposed between a driving 
source and the rotary control instrument which requires 
correction, designed so as to introduce a controlled vari- 
able velocity ratio between the driving and driven shafts 
in order to correct these errors. Since the usual error pat- 
tern is complex, the compensator must permit individual 
and independent plus or minus adjustments at as many 
points as possible around the complete 360 deg of 
rotation. 

The essential element in such compensators is a link 
or actuator between the driving and driven shafts. This 
actuator exhibits a variable drive ratio in response to 
some sort of cam surface which carries the desired cor- 
rection pattern. Since the cam surface must be continu- 
ous. it would seem that a flexible band might be used. 
with provision for shaping the contour of this band at 
various points around the periphery. The developed 
length of such a band, however, would be a variable 
since the compensator is intended to be applicable to 
components having various degrees and patterns of error. 
\ eiven band would be too short or too long, leading 
therefore to a compromise at the cost of accuracy. The 
most serious drawback in the band or track type of cam 
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Fig. 2 


Component parts of the compensator, 


surface is that the individual adjustments around the 
periphery are not independent. Optimum adjustments at 
one angle are thrown out by subsequent adjustments at 
adjacent or even remote angular positions. Usually ad- 
justing screws are attached to the track or band. After 
the first screw is adjusted the compensation will be as 
desired at that one position. When a second screw is ad- 
justed, it must change the shape of the track and thus 
introduce error in the original setting. It then becomes 
necessary to return to the first setting and readjust, and 
so on. This can be resolved. in the continuous track o1 
band type of compensator, only by compromise. 

The present compensator eliminates the continuous 
band or track, and the convenience in use and the in- 
herent accuracy are largely attributed to this elimination. 
In place of the track, a key feature of the new design is 
a continuous cam surface which in effect has been pro- 
vided by suitably shaping and spacing the cam screws 
distributed around the circumference of the compensator, 
and by properly shaping the engaging end of the actuator 
or follower. 

Some compensators of the track type use as many as 
six parts at each adjustment point. Several hundred parts 
may therefore be included in the compensator only for 
the purpose of track contour adjustment. These parts 
must of necessity be fabricated within extremely close 
tolerances in order to hold the track in the desired posi- 
tion. Furthermore. vibration and temperature variation 
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Fig. 3 





Use of multiple screws in place of continuous track. 


will be more causative of errors and shifts in setting with 
a multiplicity of parts. In the new compensator design 
a total linear movement of the actuator or 
0.00035 


follower of 
in. corresponds to an output shaft rotation of 
| min. If multiple parts are used to control this very 
small movement, clearances in the 0.00001-in. category 
are not sufficiently close. The present design employs only 
one part with the dual functions of being both the ad- 
justable element and the track or cam surface. Multiple 
movement due to vibration or temperature effects is not 
aggravated by the opening of parts clearance. since only 
one part is involved, that is the adjusting screw itself. 
Drift due to temperature change, for instance. is only 
92 sec maximum over a temperature range of 55 | 
to +100 C. 

Operating Principle. Plan and sectional views are 
shown in Fig. 1, and Fig. 2 is the new compensator dis- 
assembled. A series of adjustable cam-screws (/]) are 
placed radially around the shell (2), grooved to receive 
the resilient ring (3) which provides locking means fot 
the screws. The input or driving shaft is attached to 
lever (4), and the output or driven shaft is fixed to lever 
(10). that is to say the latter shaft is that of the rotary 
component requiring correction, such as a synchro ot 
potentiometer. The problem then is to transmit angular 
motion from lever (4) (10) through a link on 
actuator that will introduce a variable bias or correction 


as the driving shaft rotates through a complete revolu- 


to lever 
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Concave screw-double radius on actuator 
~auses Max positive and negotive 
nherent error 


Pointed screw. Pointed 


Extreme positive error negative error 





Pointed screw. Rounded actuator 


Less positive error. No negative error 


Flat screw. Pointed actuator 
Less positive error. Some negotive error 


Flot 
Min 


screw. Rounded actuator. 


positive error. More negative error 


Relief | 


Flat screw. Modified actuator 
Min positive error. Less negotive error. 


Errors approx equal 


Fig. 4 
of 


Some of the possible combinations 


screw and actuator surface shapes. 


tion. This correction is to be adjustable at a number of 


points around the periphery. 


The key element in the compensating action is the 
acutator (6). which serves as the link between levers 
(4) and (10), that is between the driving and driven 
shafts. Actuator (6) is attached to (4) in such a manner 


that the relative motion of these two pieces can only be 
linear. because of the guides (7) and (8). Angular mo- 
tion is transmitted to lever (/0) by the stud (9) engag- 
the slot in the end of (1/0). Backlash at this point 
is eliminated by the spring (27). 


ing 

\ coil spring, (/2). causes the shaped end of the 
actuator (6) to bear upon the ends of the cam screws 
(1) as the compensator shaft is turned. Since actuator 
(6) is free to slide. in following the ends of the cam 
screws the center of rotation of the actuator is in effect 
shifted, the amount depending upon the setting of the 
particular screw contacted at a given angular position 
of shaft rotation. The effect of this is to transmit to the 
output lever (/0) a greater or lesser angular rotation 
than the input angle, depending upon the setting of the 
cam screw at the particular position. If it is desired to 
change the angular relation between input and output 
shafts at any position it is only necessary to move the 
appropriate screw In or out. 

It is apparent that in order for a series of screw-ends 


engaging a rotating actuator to replace or simulate a 
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Fig. 5 


FLECTRICAL MANUFACTURING 
































5 


15 20 25 30 


Degrees of rotation 


Component, combined and compensated error curves. 


smooth unbroken cam or track surface, the shapes of the 
actuator and screw ends are of primary importance. The 
error patterns of rotary instruments such as synchros 
and potentiometers may be broken down into categories 
such as sine-wave, saw-tooth and square-wave. A graph- 
ical analysis of various possible combinations of cam- 
screw and actuator end shapes reveals that for a particu- 
lar type of error pattern there is a best combination of 
shapes. Since the compensator is intended to be universal, 
that is, applicable to any rotary instrument, and since 
real error patterns are generally not simple but com- 
posite, a combination of shapes for the screw and actu- 
ator ends was developed which resulted in the least 
inherent error in the compensator itself. This was a flat 
screw-end, and a modified circular engaging end on the 
actuator, indicated in Fig. 4. 

Design Objectives. 
eliminate all equipment errors, within some rated range 
of operation. It would in addition offer absolute repeat- 
ability 
vibration effects, and introduce neither error nor added 


\ perfect compensator would 


and immunity from temperature change and 
torque into the system. These objectives must be com- 
promised, together with requirements of a relative nature 
such as long life, adjustment ease and compactness. 
The particular compensator which was designed and 
produced, based on the described operating principles, 
was to have a correcting range of 2 deg of angle and an 
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Fig. 6—Test apparatus for the 
compensator. The six-power tri- 
plex lenses and the lights per- 
mit reading the one-minute 
graduations on the large dials, 
and interpolating to within 10 
seconds of are. 


inherent maximum error of 214 min. These performance 
limits in effect determined various critical dimensional 
and tolerance details. For the actuator (6), Fig. 1, strict 
limitation to linear motion was necessary, since any 


independent angular movement in this piece will be trans- 
mitted to the output shaft. A lever arm of about 2 to | 
ratio exists between the guides (7-8) and the driving 
stud (9). As a linear movement of 0.000354 in. by 
actuator (6) will cause an output shaft rotation of 1 min, 
a clearance between actuator and guides of 0.000708 in. 
will cause a backlash error of 1 min. This made the use 
of ball bearings as guides impossible because of the 
radial play and eccentricities in even the most precise 
bearings. The fixed guide pins (7) and the adjustable 
guides (8) were adopted since they permitted minimal 
clearance, in the order of 0.00001 in. representing an 
angular output backlash of less than 1 sec. The clearance 
between the driving stud (9) and the slot in lever (/0) 
is subject to the same critical requirement, which was 
met by the use of the spring (77) which removes all play 
between these parts. 

The net result of using plain friction guides, a spring 
for constraint and the finally evolved shapes of the ad- 
justment screw faces and the actuator end, was that the 
compensator in itself requires a driving torque of 0.05 
oz-in. when the output torque is 5 oz-in. All wearing 
parts are through-hardened to a minimum of Rockwell 
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C-58. Predicted deterioration of the compensator due to 
wear is in the order of 15 sec added error after 12,000 
cycles of operation. 

The limits of equipment error which the present com- 
pensator will correct are depicted in Fig. 5. Compensa- 
tors can be designed on these principles that will have 
lower inherent errors over a wider range of equipment 
errors. The present compensator was arranged to accom- 
modate an equipment error having as its extreme a 
double sine wave with a total amplitude of 2 deg., and to 
not deviate more than 245 min, within this range. In 
Fig. 5, a typical resultant total error curve for a rotary 
instrument, curve A, is a combination of simple error 
patterns such as the 2-deg amplitude( 2-cycle sine wave 
B, the 14 deg, 8-cycle sine wave C and the two saw-tooth 
error curves D and E. The inherent error curve of the 
compensator when applied to equipment having a char- 
acteristic such as curve B, for instance, will be that shown 
as F and the compensator will correct to within 244 min 
for any of the curves shown on their combination. 

The characteristics of the compensator were deter- 
mined by use of the test apparatus, Fig. 6. Measurements 
of the angular displacement of one shaft to the other as 
transmitted through the compensator can be read directly 
in minutes, and readings in seconds can be interpolated 
to within 10 see. IOC 
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Automatic Stripper Speeds Coil Production 


R. GEORGE ROESCH., President 
Tue Eraser Company, Inc. 
Syracuse, N. Y. 


THE INHERENT 
inconsistent shape, size of wire, length 


AWKWARDNESS, due to 


of leads, ete.. of wound coils has led 


to the design of an automatic wire 





Fig. 1—Automobile horn coil ready for 
leads to be straightened, stripped and cut. 
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ig. 2—Automatic stripping machine 


stripping machine capable of handling 
one coil every 3 sec. From the Electric 
Auto-Lite Co. came a request for a 
machine to straighten, strip, and cut 
the leads on coils for automobile horns 
at the rate of 1200 per hour. 

To begin with. the coil leads are 
often longer than necessary but of no 
definite or consistent length and are 
usually bent out of shape in one way 
or another. They must be clipped to 
a specific length, usually with one 
longer then the other, and the insula- 
tion, which is varnish impregnated cot- 
ton, must be stripped, again to different 
lengths. A tolerance of 145 in. was 
placed on the length values and it was 
required that the stripping must be 
consistently complete, that is, so that 
the subsequent soldering operation 
would not be impaired by the presence 
of any bits of insulation left on the 
wire. 

The machine is designed in the form 
of a rotating table with holders for 


for processing coil leads. 


eight coils at one time and is indexed 


mechanically to eight positions for 
Except 


for purely rotary motions, the various 


successive operations. (Fig 


operations are air actuated and are 
triggered by a cam switch driven by 
the central indexing mechanism. The 
first step in the operation #t the ma- 
chine is the placement, by the operator, 
of the coil on the holding fixture on 
the table. In actual installation the 
table is placed beneath a conveyor 
belt or chain so that there is a con- 
stant means of supply and dispatch. 
The only requirement of the operator 
- to make 
sure that the leads are oriented radially 
with respect to the table. (Fig. 3) 

At the 
clamp is closed over the coil to hold it 
buttons 


in performing this function 


second position a toggle 


firmly in place. The rubber 
seen on the clamp in Fig. 3 close down 


on the taped sides of the coil. An inter- 


lock circuit shuts down the entire ma- 





Holding fixture clamps coil in 
place. 
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Fig. 4—Third and_ fourth positions 
straighten and clip leads preparatory 
to stripping. 

chine if, for any reason, the clamp 


cannot close over the coil. In the third 
position (in the center of Fig. 4) two 
motor-driven 
ward the coil, grasp the leads, and then 
move out again, straightening the leads 


wire wheels move in to- 


in the process. While this one operation 


does not completely straighten the 
leads, it does prepare them for subse- 
quent steps so that, after the final 


stripping process, they are sufficiently 
straight. The wire wheels are mounted 
slide 
powered for its back and forth move- 


on a which is pneumatically 


ment. The circular opening seen just 


over the wheels is for a vacuum con- 


nection to remove dust and bits of in- 


Fig. 5—Two stripping machines are posi- 
tioned at angle to permit stripping leads 


to different lengths. 


sulation that’ might impede soldering. 

The fourth step (at the left in Fig. 
1) is a preliminary trimming action 
to cut the leads to a length suitable 
for stripping. The cutting instrument 
is a 4¢-in. wide circular saw. The 
stripping 
steps 5 and 6 (Fig. 


action is accomplished in 
5). The stripping 
units are mounted on slides which move 
at an angle to the coil leads so that, 
as the leads move through the wheels, 
the amount of lead stripped can be con- 
trolled. This 


the leads traverse the rolls lengthwise 


arrangement also makes 
as they move in and out, thus prevent- 
ing uneven wear on the wheels. 


Standard guillotine knives and chop- 





Fig. 6—Leads are cut to correct length 
and coils are ejected from the holding 
fixture in the last two positions. 

ping blocks are used in position 7 to 


cut the leads to the required lengths. 
(Fig. 6) Since the length of 
is different and 
quirements at 


ich lead 
since production re- 
yperations 
aths, 
-chanism, 
idjustable 


from the coll 


subsequent 


may require revising these le 


two 
cutters are used it ne 
each cutter being separatel 
toward and away body. 

Figure 6 also shows the tinal position 
where the holding fixture is unclamped 


and a pin rises to push the vil off the 


Ultrasonic Energy Used to Measure Flow 


A CONTINUOUS BEAM. of ultrasonic 
is used as the measuring ele- 
ment in the Glennite Ultrasonic Flow- 
meter (Model UF-100). illustrated, 


which will measure precise flow rates 


energy 


of fuels, coolants and other liquids un- 
der conditions 
without placing any obstruction in the 
fluid path. Reflected several times at an 
oblique angle in the pipe, the beam 
a differential transducer 


wide environmental 


is received by 


with two sections. For a no-flow con- 


dition, equal output is generated on 
beth When the 


flected there is a greater signal on one 
transducer than on the other and a dif- 


sections beam is de- 





Glennite Model UF-100 straight-through 
flowmeter uses ultrasonic beam to meas- 
ure flow rates from 1000-4000 gpm. 
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ference in voltage is obtained propor- 


tional to the flow velocity. This meas- 
uring system does not obstruct the 
flow. 

By combining a number of reflec- 


tions, the reading can be made to ef- 
fectively integrate the flow rate in the 
entire pipe for either turbulent or 


laminar flow. Accuracy is better than 


fixture. With the last position located 
next to the first, the operator can per- 
form a visual quality inspection on the 
units as they complete thy 

rections must be made for both tem- 
perature (on which velocity is depen- 
dent) and density of the Huid. These 
corrections are obtained simultaneously 
by a supplementary circuit that meas- 
ures the acoustic impedar which is 
equivalent to the density times the 


sound velocity. A simple and compact 


analog computor system combines these 














1 per cent for flow rates from 1000 to data to give a direct outy which is 
1000 gpm. To obtain a mass flow, cor- presented on a servo-d inel in- 
Differential [1 ee } 
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Block diagram of CW ultrasonic flowmeter. 
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dicator, calibrated directly in pounds 
per hour of flow. 

As indicated in the schematic dia- 
gram, the beam of ultrasonic energy is 
transmitted into the pipe through an 
acoustic wedge from the transducer 
and miniaturized electronic oscillator 
with a frequency of approximately 6 
mc. This beam is reflected back and 
forth in the pipe several times and is 
received by the differential transducer 
consisting of two quartz plates. The 
signal level difference is produced by 
beam deflection resulting from the 
fluid flow. The outputs of the two halves 
of the receiving transducer are ampli- 
fied. rectified and subtracted to give a 
d-c voltage output proportional to the 


difference in signal levels on the trans- 
ducer. The full-scale output of 5 volts 
can be fed into telemetering systems. 

If the original angle of the beam, 
with respect to a pipe diameter is a, for 
no flow, then the shift in angle of the 
beam with flow is approximately 


a, —«, = V/V 


c 


where } 


=ultrasonic velocity of 
propagation 
V = flow velocity 


This equation is approximately true as 
long as V/V, is small. Therefore, flow 
in the tube will cause a shift in the 
beam which will produce unequal 
signals on the two pickup transducers. 

To obtain mass flow, this flow ve- 
locity must be multiplied by the fluid 
density, which may vary. A correction 


must also be included for the variation 
of sound velocity with temperature. 
Since the acoustic impedance of a fluid 
is the product of the density and ve- 
locity, 


2. =a 


the two corrections can be obtained 
simultaneously by a supplementary 
circuit and transducer giving an out- 
put proportional to Z,. 

By using a number of oblique reflec- 
tions, the entire tube is sampled to 
give a flow rate which effectively 
integrates the whole area. Flow is meas- 
ured in a machined tube section, cus- 
tom designed to fit into the flow 
system. The flow tube has flattened in- 
ternal surfaces to obtain clearly defined 
reflections with minimum dispersion. 

Oc 


Sprag Clutches Provide for Alternative Drives 


THE NECESSITY FOR KEEPING one of six 
auxiliary functions in operation when 
the main drive system of a corrugated 
box processing machine is shut down 
has led to the development of a free- 
wheeling drive utilizing two sprag-type 
clutches. The machine, an Equalok 
Folder-Gluer built by the H & C 
Engineering Corporation, Sunnyvale, 
Calif., performs the complete processing 
operation on boxes. including cutting, 
creasing, folding, gluing, and_stack- 
ing at a rate of 10,000 boxes per hour. 
It was the gluing process that presented 
the problem and led to the incorpora- 
tion in the design of two over-running 
clutches made by the Formsprag Com- 
pany, Van Dyke, Mich. The glue wheel. 
or applicator, must be continuously 
rotated as long as there is glue in the 
pot in order to maintain the proper 
consistency and prevent 
caking 


drying and 
shutdown 
periods. The problem then was to de- 
vise a drive mechanism which would 
run the glue wheel off an auxiliary 
motor when the main drive was idle but 
would allow the latter to take over 
when the machine was in operation. 
The main power drive of the Folder- 
Gluer is a 20-hp Reliance variable- 
speed drive (220 to 1750 rpm) which 
may be started, jogged, or stopped by 


during machine 


the use of pushbuttons located at vari- 
ous stations on the machine. Five of 
the auxiliary functions are performed 
by %-hp, 220/440 a-c, 1750 rpm gear 
motors with output speeds of 84 rpm. 
These motors are controlled by revers- 
ing drum switches mounted beside the 
speed control panel. To solve the glue 
wheel problem, a sixth auxiliary motor 
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is added, with appropriate switching to 
turn it on when the main drive goes off. 
It was also geared down further to turn 
the glue wheel at 21 rpm, several times 
slower than when the machine is in 
operation but sufficient for the purpose. 

The clutches which make possible the 
over-running drive consist of sprags in- 
serted between an inner and an outer 
race. The sprags are controlled by two 
garter springs so that they are in con- 


stant engagement, and concentricity is 
maintained by the use of either sleeve 
or ball bearings. When the main power 
drive is operating, it drives the glue 
wheel through a sprag clutch and a 
No. 50 sprocket and roller chain as 
shown below. When the main drive 
is turned off and power is supplied to 
the auxiliary motor, the latter drives the 
glue wheel through another sprocket 
chain and a second clutch. With the 


( 


Two sprag-type clutches permit alternative power sources to drive 
glue wheel on a box processing machine 
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free-wheeling clutches properly — in- 
stalled in the system, either the main 


or the auxiliary motor can operate the 


the other motor, 

Thus, the ability of the Equalok ma- 
chine to accept alternative sources for 
driving the glue wheel has enabled it to 


achieve an output rate twice that for- 
merly attainable. In addition the ma- 
chine has provided lower spoilage and 


glue wheel without feeding power into rejection rates. Y 


Heat Sink Adds New Look to Mobile Radio 
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UNUSUAL DESIGN COMBINATION maintains safe operating 


temperature for power transistors in receiver and 25-watt 


transmitter power supplies. Elimination of troublesome vi- 
brator converter is primary 


\ novel feature of the design shown in the photograph is 
the plug-in control head for use when the entire unit is to 
be mounted under the dash. For trunk installations a cable 
connects the control head to the receiver-transmitter chassis. 
The microphone and loudspeaker housings each contain 
transistor amplifiers. 3 


advantage of transistorized 
power supply. Other advantages include overload protection 
inherent in the transistor circuit. 


Stainless Steel Can be Soldered 


G. W. HINKLE, Metallurgical Engineer 
Rept BLIC STEEL CORPORATION 
Cleveland, Ohio 


THE PARTICULAR PROPERTIES of stain- 
less steel—corrosion resistance, durabi- 
ity, and attractive appearance, among 
others—have made it a desirable struc- 
tural material in the design of electri- 
cally and electronically operated equip- 
ment. However, the difficulties involved 
in its fabrication, particularly with re- 
gard to soldering, have often caused 
design engineers to steer clear of this 
important alloy. Recent investigation 
and experimentation now indicate that 
stainless steel can be soldered and it 
can be soldered succesfully if the fol- 
lowing four points are observed in the 
process. 

Make a Mechanical Joint. Since stain- 
less steel is a relatively tough and stiff 
material, its strength exceeds that of 
solder by many times. Soldered joints 
of soft materials like copper or brass 
can be deformed without rupture, while 
the same joint made of stainless may 
open up. It is always preferable on a 
stainless steel joint, therefore, to use 
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solder as a sealant only. The joint itself 
should get its mechanical strength from 
double seaming, riveting, spot welding, 
or some similar method. When a plain 
or lap joint is used, the edges should 
be roughened, tinned, and then sweated 
together. Spot welding at regular in- 
tervals additional 

before sealed with 
Riveting followed by solder 
sealing may also be used. Other types 
of mechanical joints including lock 
seaming, key lock, standing end, side. 
folded end, or inside lock, may be used 
and then sealed by soldering. 

Prepare the Surface. Successful sol- 
dering of any metal depends on how 
well the solder adheres to the surfaces. 
This is particularly true with stainless 
steel. The surface to be soldered should 
therefore be thoroughly cleaned to re- 
move all dirt and grease. Preliminary 
roughening of the surface also helps to 
make a stronger soldered joint. Only 
those fluxes prepared especially for 
stainless steel should be used. In the 
case of extremely hard surfaces such as 
that on cold rolled strip, it is also ad- 


gives mechanical 
strength 


solder. 


being 


visable to add one teaspoon of glycerine 
to a cup of the commercial stainless 
steel flux. This gives the flux additional 
surface tension for better wetting. 
Select the Proper Solder. Of the three 


types of solder ordinarily used in metal 


Use of a large soldering iron to achieve 
wide heat distribution is important in 
soldering of stainless steel. 
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ie most popular choice fo 
steel is 50-50. For stronger 

require greater resistance to 
either 60-40 solder or block 
ommended. It is important that 
dering iron be used in solder 
ess steel. The relatively low 
juctivitvy of stainless makes 
necessa 


the extra heat from the large 


iron té ourage the flow of the solder 


throughout the joint. The flow can als 


by holding the iron on 


be assisted 
either the top or the bottom of an 
overlapped seam rather than along the 
edge. 


Clean the Work. Stainless steel fluxes 


are usually highly corrosive and should 


be neutralized as quickly and as com 
pletely as possible after the soldering 
is finished. Neutralizing is accomplished 
by washing the entire part, particularly 
the joint, with a 5 or 10 per cent solu- 


tion of sodium carbonate. Do the wash- 


ing with a soft rag or, if possible, im- 
merse the entire part. Since solder it- 
self is comparatively soft, excess solder 
can be scraped off, but only with a 
stainless steel tool. This precaution is 
necessary since particles from a carbon 
steel tool may become imbedded in the 
stainless during scraping. The par- 
ticles would soon rust and discolor. 
Finally the surfaces should be washed 
with warm water. Water spots, if there 
are any, may be removed with fine 


whiting. 


Frictionless Commutator Pulse Generator 


VINCENT PETRUCELLY 
General Engineering Laboratories 
AmericAN MAcHINE & Founpry COMPANY 


Green h. Conn, 


PiME AND SPACE-DISTRIBUTED electrical 


pulses are often needed in computer 
circuits. The 
a novel problem where it 


and control instrument 
solution % 


Was necessary to synchronize pulses 


Fig. ] 


uses non-contacting wiper arm and pulsed 


Frictionless commutator system 


rf signal to fire stationary neon tubes. 


(ommutator system schematic diagram (a) 


with a 6000-rpm shaft is illustrated in 
Fig. 1. 

The device operates on the principle 
that an rf signal applied to a rotating 
non-contacting wiper will fire a gas- 
filled (neon) tube as the wiper rotates 
past it. In the arrangement shown in 
Fig. 1, rf energy at 7 mc is applied to 
primary coil L] and induced in coil L2 
mounted on the rotating shaft. The rf 
signal is coupled to the neon tube 
through a small rectangular plate on 
the wiper arm and the small air gap 
between the plate and the tube. 

Figure 2(a) shows the details of the 
electrical circuit. Rf passes through the 
wiper plate Cl] to the electrodes of the 
neon tube and is grounded through ca- 
pacitors C2 and C3. As long as the rf 
signal endures, the tube is conductive 
and allows d-c voltage V1 to pass to 
the output. Good square wave form is 
assured by pulsing the rf as the wiper 
approaches and recedes from the neon 
tube. The pulse repetition frequency is 
determined by the requirements of the 
particular installation. 


Neon tube circuit (b) Rf circuit. 


Some of the waveforms obtained with 
6000 rpm are 
shown in Fig. 3. With continuous rf on 


the rotor turning at 
the wiper, the output pulse fires rapidly 
but trails off for about 360 psec, Fig. 
3(a). 

{ control pulse was incorporated to 
switch the rf on and off. When the rf 
was delayed slightly after continuous 
rf would have fired the tube, the eutput 
shown in Fig. 3(c) was recorded. There 
was a constant 10-usec delay between 
the application of the rf pulse and the 
firing of the bulb. The delay can be 
decreased in several ways, including 
the application of light to the bulb. 
This technique reduces the delay to 
1 usec. Removing an electrostatic shield 
from the neon bulb also further re- 
duces the delay, but increases the sig- 
nal to noise ratio to 2/1. The oscillator 
operates at 7 mc and is fed through an 
rf amplifier. The rf output is controlled 
through the screen grid of a 6146 am- 
plifier tube as shown in Fig. 2(b). The 
amplifier tank coil 6 inductively cou- 
pled to the transformer 
shown in Fig. 1. 


stator coil 
A 25-uf capacitor is 
connected across the rotor coil and the 


Fig. 3—Commutator system waveforms. 
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Send for this zee SAMPLE FOLDER... 


25 


different Test Samples of 
high-dielectric 


INSULATING 
TUBING and SLEEVING 


INCLUDES SAMPLES AND DESCRIPTIONS OF VARFLO TUBING AND SLEEVING Vinyl-coated Fiberglas in 
THE FOLLOWING... full range of sizes, colors and grades. Extremely flexible 


with excellent heat aging qualities. Low priced. 
VARGLAS SILICONE Class H insulating materials were 


pioneered by our Laboratory. Retain flexibility, electrical © YARFLEX COTTON TUBING AND SLEEVING Varnish or lac- 
properties and mechanical strength in temperatures ranging quer impregnated —for applications where MIL-I-3190 
from —85°F. to 500°F. Available in tubing, sleeving, lead Class A materials are specified. All NEMA grades. 

wire, tying cord. 


PERMAFIL-IMPREGNATED VARGLAS TUBING Fiberglas SYNTHOLVAR EXTRUDED TUBING Made in various stand- 
braid coated with General Electric’s Permafil resin. Ex- ard formulations of vinyl polymers. Has high dielectric and 
tremely tough, resistant to solvents and elevated tempera- tensile strength—will not support combustion nor absorb 
tures, highly flexible. Can be bent or twisted with little or moisture. Type EG Approved under MIL-I-631A. Several 
no loss of dielectric strength. Coils and standard 36” lengths. others to meet special requirements. 

VARGLAS SLEEVING AND TUBING Numerous types and 


grades—including synthetic-treated, varnished, lacquered, 
saturated, litewall and others. 


VARGLAS NON-FRAY SLEEVING Fiberglas braid normalized NEW! VARGLAS SILICONE RUBBER SLEEVING AND 
to remove all organic impurities. It will withstand tempera- TUBING—the culmination of 5 years of research—for 
tures up to 1200°F. Recommended where dielectric prop- applications requiring extraordinary flexibility. De- 
erties are not paramount. Three types available. tails on request. 


MAIL COUPON TODAY FOR SAMPLES! 


VARFLEX CORPORATION, 
504 W. Court St., Rome, N. Y. 


Please send me free folder containing samples of your electrical 
sleeving and tubing. 


1 am particularly interested in insulation for: 
NAME 


Insulating en 


Tubing and Sleeving 


STREET... 


Ciel ceass ZONE 


SEPTEMBEF Circle 158 on page 17 145 
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oscillator frequency is adjusted to that 
of the coil and capacitance combination. 


Repetition frequency of the control 


pulse is 8.6 ke or about 116 psec, cor- 


responding to the input of the 8-bit ring 
the device was designed to replace. 
Rf energy is grounded to the rotat- 
ing shaft and coupled through the 
bearings. An approximate 1/16-in. air 
gap is used between the hand-wound 


Magnetic Separator Gets New Design 


Ray M. WickHam, Design Engineer 
Carpo MANUFACTURING, INC., 
Jacksonville, Fla. 


[THE SEPARATION OF MAGNETIC MATE- 
RIALS from non-magnetic materials in 
granular form, both in the laboratory 


on an experimental basis and in the 


er 


Fig. 1—-In an induced-roll magnetic sep- 
arator, less magnetic particles are thrown 
off to the right while others are deflected 
to the left. 


Fig. 2—Redesigned Carpeo Model M127 


excitation circuits, new pole structures, 
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27 features variable transformers for 
and gray 


mill in large quantities, has led to 
the design of many special instruments 
for this highly specialized field. The 
complexity of the problems involved can 
be easily seen when we consider the 
extremely fine separations that must 
often be made between highly magnetic, 
moderately magnetic, weakly magnetic, 
and non-magnetic minerals. 

Our Carpco Model M127, a high-in- 
tensity, induced-roll separator for labor- 
atory use, is primarily intended for 
making the fine separations involved 
with mineralogical assay and research 
work on small samples. However, it may 
also be used for production control and 
development. Our recent redesign of the 
M127, which took into account the re- 
ports and suggestions of field service- 
men, salesmen, production, purchasing, 
et al, was made with the aims of 
improving operation and maintenance, 
lightening weight, and increasing eye 
appeal. 

Briefly and basically, the operation 
of an induced-roll separator may be 
represented by the diagram in Fig. 1. 
At the base of two high-intensity mag- 


Fig. 3 


hammertone finish. 


rotor and stator coils. The rotor coil 1s 
wound on a 2-in. diam phenolic plas- 
tics form and slipped over the rotating 
shaft. Rf absorption by the 1 in. diam 
shaft is small. 6:0:6 


nets in the shape of a “V” is a rotating 
member onto which is fed the granular 
material to be separated. As the ma- 
terial passes through the air-gap, the 
less magnetic particles are thrown off 
the roll into one chute by centrifugal 
force while the more magnetic particles 
are deflected into the second chute. 
There are, of course, several variables 
to be controlled: the rate of feed of 
material, the strength of the magnetic 
field, the width of the air gap, the speed 
of the roll, and the position of the 
splitter wedge between the two output 
chutes. 

To describe our redesign let’s start 
with one of those variables — the 
strength of the magnetic field. The old 
rheostat and mercury vapor tube com- 
bination for obtaining the variable d-c 
magnet supply was replaced by a vari- 
able autotransformer and _ button-type 
silicon rectifiers. We thus eliminated a 
warm-up period and a tube breakage 
problem at the same time reducing 
generated heat and saving weight. The 
amount 


of magnetization is indicated 


by the ammeter on the front panel as 


Internal view of separator showing successful 
arrangement of all components on front panel. 
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new GUARDIAN 


Solenoids 
_with POWER and a Str 


that add new “‘lift’’ 
to your product! 


This new special version of 
Guardian’s standard No. 2 
Solenoid provides extra pow- 
er and longer life yet utilizes 
the same space. Available in 
A.C. or D.C., for intermit- 
tent or continuous . 
Stroke adjustable from !,4 

to 3,”—lift more than 60 oz. 
Unit has surpassed 15 mil- 
lion continuous operations 
at peak operating efficiency. 


Select Your Solenoids from 


Many Guardian solenoids are available with Guardian 
PERMASEAL encapsulated coils. 
units are sufficiently flexible in design to meet ‘‘spe- 
cial’? requirements and thereby eliminate costly pre- 
tooling. Adjustable strokes up to 2 inches; pull or lift 
up to 20 pounds. All D.C. units available for 400 
cycle operation. Write for Bulletin SOL-8. 


GUARDIAN 


1627-K W. WALNUT STREET 


Large selections of 
Guardian relays, sole- 
noids and steppers are 
carried in stock by fran- 
chised distributors in the 
U.S. and Canada. Write 
for name of nearby dis- 
tributor and Bull. SD-11. 


SEPTEMBER 1957 


Most standard 


Preferred by leading manufacturers 
of refrigeration, air conditioning and 
wherever intense moisture conditions 
prevail. Coil winding, completely en- 
capsulated in PERMASEAL thermo- 
setting epoxy, resists water, humid- 
ity, oils, salt air, acid and alkaline 
solutions, ether, alcohol, hydraulics 
and other fluids. High dielectric 
strength, resistance to abrasion and 
thermal or mechanical shock enable 
it to operate at top efficiency. 


GUARDIAN’S COMPLETE LINE. 


W 12 


GUARDIAN 


Get Guardian’s free 


tinuous rotation, add 


*‘Everything Under Control’’ 


Circle 159 on page 17 


Gives complete operating data on 
sequence selecting, latching, automatic 
homing, remote homing, pulsing, elec- 
trical reset, slave and master sets, con- 


ys 


Tiny but powerful, this new 
Guardian Midget Solenoid 
packs a decisive punch. 
Strokes range from |” to 
54,” and it lifts over 24 oz. 
Size 34” x 34" x 115" is ideal 
when space is at a premium. 
Available in D.C. only, for 
intermittent or continuous 
duty applications. 


. Proved for Superior | Performance! 


STEPPERS 
Bulletin P-84. GUARDIAN 
MER 


——— 


subtract. 
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shown in Fig. 2. The variable excitation 
circuit for the armature of the 14-hp 
d-c roll drive motor was revised in the 
same way and a graduated dial was 
idded to the motor speed control knob 
to provide a means of duplicating test 
onditions. A full-wave bridge silicon 
rectifier was designed for motor field 
excitation. The motor is totally enclosed 
ind fan cooled, with self-lubricated ball 
bearings and a rated speed of 1725 
rpm. A weight reduction was achieved 
n the redesign by coupling the motor 
o the roll with a single belt thus elimi- 
ating an intermediate gear 


On both the motor armature and 
magnet excitation circuits. on-off toggle 
<witches were replaced with snap-action 


mit switches mounted on the variable 


transiormers and operated by their con- 
tact arms. Pilot lights were put on the 
front panel to indicate when the circuits 
were on. 

Experience had indicated that we 
could achieve another big step toward 


easier maintenance by mounting all 


components on the front panel and 
attaching the panel to the cabinet 
with a few easily removable screws. 


This change meant almost a complete 
mechanical redesign since, in previous 
models, many components were mounted 
on the cabinet base and frame. The 
desired result was achieved as shown 


> 


in Fig. 3. In order to mount all com- 
ponents on the front, more rigidity was 
required than could be obtained from 
the original 14-gage panel. We found it 
2024-T3 
aluminum sheet to provide adequate 


was necessary to use J¢-in. 


support. The use of aluminum. stainless 


steel, and brass in the entire unit must 
he carefully controlled to maintain the 
proper magnetic field patter 

lo impreve operation and mechanical 
control, a flow gate was added,to the 
material feed chute. Earlier models 
combined the rate of feed and stoppage 
of feed flow in one guillotine gate. Now, 
with the new gate and a feed rate ad- 
jusment also, the flow may be stopped 
without disturbing the rate setting. A 
substitu- 


tion of a knurled knob to lock the ad- 


further improvement was the 


justable pole piece in place instead of 
the hexhead nut used previously. 
Finally. for the sake of appearance 
and durability, the finish on the unit 
wrinkle to 
grav hammertone because to us it had 


was changed from black 


a more attractive appearance and is 


easier to clean. 


Power and Control Deck Saves Floor Space 


HE TREND TOWARD USE OF INDIVIDUAI 
power packages for hydraulically actu- 
ited unit head machine tools of the 
multi-station type has created a prob- 
lem in floor space occupied by such 
\utomatic Machine 
Company of Detroit has overcome this 


machines. Expert 
drawback by mounting the hydraulic 
power units and the electrical control 
equipment on a deck which straddles 
the machine. The unit pictured is an 
example of a high production 8-station 
rotary index machine that spot faces. 
bores. reams and bearingizes sintered 
iron hub cores in automotive plastics 
pump impellers. All machining heads 
are mounted on standard ways and are 
hydraulically fed and electrically con- 
trolled. 
Index table is driven by a 114-hp elec- 
tric motor through a cam index mech- 


Spindles are motor driven. 


anism. The machine itself occupies a 
floor space about 12 ft diam. 

The structural steel deck over the 
machine has an area of approximately 
6 x 12 ft. On it are mounted three 
hydraulic pump and reservoir units, two 
driven by 5-hp, 1200-rpm motors, the 
third by a 7%-hp, 1200-rpm motor. 
Housed in the electrical control cabinet 
are two motor starters, one for the 
three pump motors, the other for five 
2-hp, 1200-rpm spindle motors on the 
machining heads. There are also 42 
control relays associated with limit 
switches and 20 solenoid valves on the 
machine; nine time-delay relays and a 
rectifier power supply for dynamic 
braking of the index motor. Motors are 
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When you need 
Reliable Control 


of Process Sequences... 
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@ Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 

e Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


e@ Time delay characteristics are fixed and tamper- 
proof. 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 


If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


You are invited to Booth 1505 relays Mahe The Ada ms & Westlake Company 


12th Annual Instrument-Automation Exhibit 
September 9th-13th 


Cleveland Auditorium, Cleveland, Ohio 
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New yorK ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 


Circle 160 on page 17 
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wired to the control panel through 
rigid conduit and plastics-coated metal- 
lic flexible conduit. The overhead ar- 
rangement makes it a simple matter to 
position the conduit drops to the slide 
motors for minimum deflection. Hy- 
draulic connections are all through 
rigid tubing which is well above floor 
level, reducing the possibility of dam- 
age from collision by materials han- 
dling equipment. 


Electricity Adds Fillip to Old Fuel 


STEAKS BROILED OUTDOORS over charcoal 
briquets may taste better than those 
cooked in the electric range, but starting 
the fire is a problem for the backyard 
barbaquer. Meteor Enterprises, Inc. of 
Burbank, Calif., has come to the aid of 
those who would play dangerously with 
fire-lighting fluids by providing an elec- 
tric ignitor, Tubular resistance element 
consumes 770 watts on 115-volt circuit. 
Unit has a_ general-purpose phenolic 
handle satisfactory to 320 F. Cord is 18-2 
HPN grade, and device has UL approval. 


Temperature Compensation in Electrical Circuits 


\ TIME-CONSUMING PROBLEM in apply- 


ing a temperature like a 
thermistor, in electrical circuits is deter- 
the best level of temperature 
compensation that can be obtained with 
component materials over 
perature range. To short-cut the task of 
applying thermistors for 
compensation of 


compensator, 


mining 
a large tem- 


temperature 
copper components, 
engineers of General Electric’s Metal- 
lurgical Products Department. Detroit, 
came up with the accompanying table 
which not only is a time saver but also 
simplifies compensator selection. 

The table is reduced to a per unit 
basis (a l-ohm copper component) and 
applies to grade 2 thermistors. It indi- 
directly the maximum deviation 
from average of any selected tempera- 
ture range, and permits quick selection 
of the components of the 
temperature compensation 


cates 


thermistor 
networks. 


To use the table. simply multiply the 
indicated figures for the selected tem- 
perature range (except the per cent 
deviation, which remains the same) by 
the actual copper resistance measured 
at 25 C to obtain the required values. 

For example, if a 900-ohm copper 
coil (at 25 C) is to be compensated for 
the temperature range of —60 to +85 
C, multiply the figures in the square at 
the intersection of the —60 C and +-85 
C columns in the table by 900 (exclud- 
ing the per cent deviation figure). 

The resistance of the grade 2 thermis- 
tor is therefore determined to be 306 
ohms at 25 C, and the resistance of the 
low temperature coefficient shunt (such 
as manganin, cupron or other) should 
be 513 ohms. The cent 
from the 1125-ohm average circuit re- 
sistance should not exceed 3.55 per 


cent. 29 < 


per deviation 


Ry 


Network 
R 
—wr- 
j 


Per unit rcuit 


(bosed on a |- ae copper ca 
component) a —al 


|} ohm copper 


component at 25C oe 


x 


omple 
Rst fs x Re 
s 


rity * Re 
Rove = ‘ave * Re 
% dev = read directly from table 


Design example of per unit basis calcula- 
tion of compensation network parameters. 
Network terms: R., copper component; 
R., grade 2 thermistor resistance; R,, 
shunt resistance (low temperature co- 
efficient material such as manganin, 
cupron, ete.) ; Rave, average network re- 
sistance; Per cent Deviation, per cent 
deviation from average network resis- 
tance. Per Unit Circuit Terms: ri, per 
unit grade 2 thermistor resistance at 25 
C; rs, per unit shunt resistance at 25 C; 
Tave, per unit average resistance 
over temperature 


circuit 
range. 


Network Component Multipliers for Temperature Compensation 


Temp, deg. C 


60 


_=-O > won wo-oOw a-—-o— 
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-64 
82 
-52 
45 


-26 
82 
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82 
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38 
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32 
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33 
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56 
-52 
38 
-49 


| 


1.33 
0.66 
1.43 
2.80 


1.82 
0.61 
1.43 
1.69 


2.43 
0.61 
1.47 
1,24 


3.55 
0.59 
1.51 
0.78 
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4-star feature with Drive-in Movies... 
SPEED NUTS simplify heater maintenance 


Right from the start, the Electromode Division 
of Commercial Controls Corporation, Rochester, 
designed Tinnerman SPEED Nuts into their new 
electric car heaters for drive-in theaters. SPEED 
Nuts provide efficient, economical attachments 
that simplify servicing and give Electromode a 
powerful sales advantage with theater owners. 

Four “U” Type SPEED Nuts hold the weather- 
tight steel cover firmly in place. SPEED Nuts elimi- 
nate the need for welding, staking or tapping. Self- 
retained, they stay in position even when the cover 
is removed for inspection or servicing. They “float” 
in the panel to offset hole misalignment. And 
because of their unique design, SPEED Nuts 
never rust or freeze to screw threads even under 
prolonged outdoor exposure. 

This is a prime example of the advantages gained 
by designing with SpeEpD Nut Brand Fasteners in 
mind. Peak fastening efficiency is built in—no need 
to invest in high-cost tooling at the start, or to 
make revisions to cut costs later. Call in your 
Tinnerman representative now to discuss your new 


design projects. He can help you save time and 
money without sacrificing product quality. His 
office is listed in most major telephone directories. 
Or write to: 


TINNERNMAN PRODUCTS, INC. 


P.O. Box 6688 + Dept.12 + Cleveland 1, Ohio 


TINNERMAN 


Speed, Nui’ 


FASTEST THING IN FASTENINGS 


CANADA: Dominion Fasteners Ltd., Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A. 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy GmbH, Heidelberg. 
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New Components 
and Materials 


{ staff compilation of the latest developments . . . 


use in electrically operated end products 


specifications and available application data. 


screened for designed-in 


complete with ali released 


MOTORS FOR REMOTE POWER POSITIONING WITHOUT FEEDBACK REFERENCE 


Accurate remote 
feedback made 
with two new lines of motors. 


One ot these 


power positioning 


without reference is 


practical 


is the step motor which 
indexes in 60-, 30-, 15-deg or smaller 
steps: the other device is an induction 
motor which provides continuously ad- 
justable power positioning. 

The step motor is based on the prin- 
ciple that when a squirrel cage rotor 
having special grouping of bars is 
placed in a single phase field the rotor 
will position itself in a definite relation 
etic field. 


Rotor indexing is obtained by en- 


Is Ihag 


ergizing the stator windings in the de- 
sired sequence. Three control wires will 
provide six er more steps per revolu- 
tion ontinuous connections to the 
leads will provide continuous stepping. 
Continuously adjustable power position- 
ing is obtained by operating an induc- 
tion motor from an a-c variable voltage 
power supply so that positioning in any 
portion of a revolution is in relation to 


a voltage ratio. 


lhe motors have squirrel cage rotors 


and can be directly coupled to rotating 
shafts operating at high speeds without 
damage. Therefore, where required, the 
units can be operated at slow speed 
and, without declutching, driven at high 
speeds. They will stop and hold at a 
fixed point in a revolution; two or more 
units may be accurately synchronized. 

Step motors and continuously ad- 


justable induction motors can be ap- 
plied with tape control mechanisms for 
operating incre- 


machine tools, for 


mental indexing of computers and 
digital systems, and other uses. B. A. 
Wesche Electric Co.., 


Ohio. 


Cincinnati 42, 


Circle No. 501, Reader Inquiry Service Cards 
on page 17 


SOFT MAGNETIC MATERIAL HAS WEAR-RESISTANT, HIGH-PERMEABILITY QUALITIES 


Developed in 1953 by the Naval Ord- 
nance 
cially 


Laboratory and now commer- 


available is a soft magnetic 
material that couples high permeability 


with high wear resistance. This alloy 


152 


of 16 per cent Al—84 per cent Fe 
contains no strategic elements normally 
associated with high-permeability mate- 
rials. 


\lfenol is now available in strip as 


low as 0.025 in. Work is in progress to 
fabricate this alloy to thinner gages as 
low as 0.0005 in. 

Alfenol is lighter and harder than 
other high-permeability alloys and is 
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FROM THESE SIMPLE, BASIC PARTS 
ANY COMBINATION FITTING YOU NEED 


New (DEAL) SIMPLET 
UNIVERSAL 
FITTING 


open-face bodies and 
hub-covers—easily 
assembled in seconds 


RUGGED, DURABLE MALLEABLE IRON 
MEET J.1.C. AND N.M.T.B.A. STANDARDS 


HUBS REVISED WITHOUT REPLACING 
FITTING 


LARGER WIRING AREA 


Ideal-Simplet introduces this revolutionary advance 
in conduit fitting design with the new Universal Fit- 
ting. It provides an almost infinite variety of hub 
combinations for practically any wiring job! 


With only five basic body sizes and a wide choice 
of covers, every practical style and type of fitting 
with multiple hubs can be assembled in a matter of 
seconds. Your fittings inventory and overall costs 


SEE YOUR WHOLESALER . . 


Pioneers in conduit fittings 
and electrical specialties 


SIMPLET FITTINGS, Inc. 
A Subsidiary of Ideal Industries, Inc. 
1008-1 


Park Avenue @ Sycamore, Illinois 
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. or send coupon ——\ 


@ COVERS SUPPLY HUBS FOR CONDUIT — 
NO NEED TO DRILL 


@ PRECISION TAPERED PIPE THREADS 
@ MOUNTING LUGS, CONDUIT STOPS 
@ LIQUID, DUST, LINT PROOF 


can be substantially reduced. Standards, “specials” 
and even seldom-used styles are available immedi- 
ately from stock! 


It would pay you to get the facts about this new 
Ideal-Simplet Universal Fitting, NOW! 
HPSS SSS RS SSS SSS SS SSS lees eres 


IDEAL-SIMPLET FITTINGS, Inc. —sz. 
1008-1 Park Avenue, Sycamore, Ill. GOEAL 


Send Universal Fitting data 
Name 

Company 

Address 


City. - i Zone____State_ 


Wholesaler’s Name— a . 7 . ‘ 
ewe eB BB BB BB BSB SSS SSBB ESB BeBe ee eee SSS 
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A GEARMOTOR 
for dependable 


power in 
Small 
Applications 


@ Motoresearch geared 
induction motors are designed for 
applications where motion at slow 
speed is required. That’s why more 
than a million are in use today on 
vending, coin operated machines, 
amusement games, household 
ranges and rotisseries. These Gear- 
motors are manufactured in four 
basic sizes, with output shaft speed 
of 1 RPM and up. 


A magnetic clutch permitting 
motion for the interval where 
there is electrical contact can be 
provided. 


Flexible manufacturing opera- 
tions permit prompt delivery of 
Gearmotors ordered. 


For further information send 
the requirements of your applica- 
tion to us. 


esEARCH Company 


1600 JUNCTION AVE. 
RACINE, WISCONSIN 


Gearmotors and 
Special Electrical Equipment 


olor 


Designers Manufacturers 
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particularly suitable for applications in 
which wear is a problem. 
Typical properties of Alfenol are as 
follows: 
Maximum Permeability 
120,000 
Coercive Force—0.02 oersted 
Rockwell Hardness C—25-30 
Hamilton Watch Co., Allied Products 


Div., Lancaster, Pa. 


-90,000 to 
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ADJUSTABLE PROGRAM TIMER 
PROVIDES AUTOMATIC, 
CONTINUOUS MULTISTAGE 
CIRCUIT CONTROL 


Adjustable program timer is designed 
for continuous, multistage circuit con- 
trol. Repeating 
without 


instantaneously and 
attention, it offers unusual 
range, flexibility, and a fine degree of 
adjustment. The adjustable program 
timer is provided with a constant speed 
drive activated by a synchronous motor. 
This arrangement permits the program- 
ming and recycling of complex switch- 
ing patterns with respect to a time 
basis. 

The device incorporates a chassis and 
a program cylinder. The synchronous 
motor is connected to the chassis with 


a drive shaft. The chassis carries the 
switches and leads which form the con- 
trol circuit (either normally open or 
normally closed). 

It also includes simple means for 
selecting and adjusting the overall time 
cycle. This setting is obtained by mov- 
ing a pointer on the main dial gear for 
the units and tens of the desired figure. 
and turning a dial knob for the hun- 
dreds, indicated on a seale on the side 
of the chassis. 

The universal type program cylinder 
is made with a series of holes arranged 
in a helical pattern. Removable switch 
pins are inserted in holes corresponding 
to the desired intervals in the time 
cycle. As the cylinder rotates, the 
switch pins pass over sensing switches 
to provide intermediate — switching 
events within the overall time cycle. 

The correct switch pin holes are 
quickly located by means of a reference 
grid system employing numbered dials 
on each end of the cylinder and tracer 
lines at 500-sec intervals 
length of the cylinder. 

Models can be furnished for any 
time cycle up to a maximum of 4,000 


along the 


sec (66-24 minutes). Range brackets 
are specified in 100-sec increments. 
Overall time cycle is adjustable in 
l-sec increments from zero to 4% of the 
maximum range, and in 2-sec incre- 
ments from %% to full range. 
Intermediate switching events can be 
preset at points throughout the full 
range of the unit in l-sec increments. 
The number of intermediate switching 
events is limited only by the length of 
the time cycle setting. Any 
switching 
matically. 


selected 
program is recycled auto- 

When operated on a line having a 
controlled frequency of 60 cps, switch- 
ing accuracy of the adjustable program 
timer can be held within + ¥, 9 

The continuous duty motor operates 
at a synchronous speed of 60 rpm. It is 
rated at 
phase, and 


sec, 


115 volts, 60 cycles, single 
designed for a normal 
ambient temperature range of 40 to 
120 F. Counter & Control Corp., 5213 
W. Electric Ave., Milwaukee 19, Wis. 
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MINIATURE RATE GYROSCOPE 


Designed specifically for applications 
requiring small size, light weight and 
ability to withstand environ- 
mental conditions, the Golden Gnat 


Rate Gyro, Type GN, is suited for 


severe 


autopilot damping, radar antenna sta- 
bilization and fire control applications. 

Dimensions: 1 in. in diam and 214 
in. long; weight is 3.8 oz. Other 
features include a wide range of full 
scale rates up to 600 deg per sec; 
threshold and resolution 0.01 deg per 


sec: inertia ratio 0.00045 sec (ratio of 
gimbal inertia to angular momentum) ; 
and fluid damping temperature-com- 
pensated viscous damping for controlled 
dynamic performance. 
Variable reluctance pickoff insures 
high signal-to-noise ratio with infinite 
pickoff resolution. Linearity is 0.1 per 
cent of full scale to 4% range; within 

2 per cent to full range. 
Environment ambient temperature 
(operating): ==55 to 100 C. 
G peak, 0 to 


range 


Linear vibration is 10 


ELECTRICAL MANUFACTURING 





rl ATIONAL BRUSHES HELP SOLVE 


TRADE-MARK 


AUTOMATION’S BIGGEST PROBLEM: 


adjustable speeds’ 


Compact motor-generator unit combines 
A-C savings with D-C pin-point control 


Why these Rel arionar brush grades are best for automation: 
SA-45 SA-35 N-4 


® Superior commutating ability over a See your “National” Brush Man when you’re 


wide speed range selecting carbon brushes. He has a brush 
® Brush uniformity assures consistent 


; ri 

machine performance for every need, plus the experience 

® Superior brush operation reduces expensive and backing to help you assure continuous 
down-time and equipment maintenance good performance. 


UNION 


CARBIDE 
The terms "'National’’, "Union Carbide” and the Silver Colored Cable Strand are monet trade-marks of Union Carbide eee 


NATIONAL CARBON COMPANY + Division of Union Carbide Co 


rat I2n ” by * 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, cmeiicad San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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aA 


Se aa) 


STB ele a 
Pilot Lights 


MR cold i tio hi-Meit-Met) hile d 
Mi ge bie lee 


No. 
01-4630-951 : . 
‘ Dialco units with 
Example: d. of bust 
but a tiny 


0. your next miniaturization project, 
consult DIALCO for the Pilot Lights. 
You will quickly find the proper unit 
for use with either tiny Incandescent 
bulbs (T-1°4); or with sub-miniature 
Neon bulbs (NE-2D). 


TWO-TERMINAL units are fully insulated. 
SINGLE-TERMINAL units are for use on 
grounded circuits. Also DIMMING or NON- 
DIMMING sub-miniatures for every 
requirement. Meet 

all applicable Mili- 

tary Specifications. m° 


Samples for design 


purposes on request 
at once —no charge. 


AAA 


No. 134-3830-375-9 


Foremost Manuta 


No. 101-3830-951 


turer of Pilot Lights 


DIALIGHT 


CORPORATION 
44 STEWART AVE. BROOKLYN 37, N. Y. 
HYacinth 7-7600 


Send brochures on Sub-Min. Pilot Lights 
Brochures on other Dialco Pilot Lights 


Position 
Company 


Address 
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2000 eps. Minneapolis-Honeywell Bos- 
ton Div.. 1400 Soldiers Field 
Boston 35. Mass. 
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170 C SILICON RECTIFIER 
STACKS 


Included in a series of 
stacks to its semicon- 
ductor rectifiers are over 200 standard 


170 C silicon 
rectifier line of 
models which are completely preassem- 
bled rectifier circuits needing only two 
screws for mounting and connection of 
electrical contacts for operation. 

The cell 
developed with the 
J. 


rectifier 
contract 


basic silicon was 
under a 
Air Force. 
Applications: computers, magnetic 
amplifiers, d-c motor supplies, two-way 
radio transmitters and other high tem- 


perature electronic and electrical equip- 


The 
18 amp per 


ment. rectifiers are rated up to 
stack. Stacks may be 
paralleled for even higher currents. 
Standard stack 
with rms input voltage ratings up to 
3360 volts with higher voltage ratings 


units are available 


obtainable by connecting stacks in 
series. 

Operating temperature is specified as 
from 65 to 170 C. while 
temperature 
175 C. 

Depending on the circuit in which 
the rectifiers are 


storage 


rating is a maximum of 


used, efficiencies up 
to 99 per cent may be obtained. 
Each rectifier cell is mounted in an 
all-welded case with metal 
seals for greatest dependability. Gen- 
eral Electric Co., Semiconductor Prod- 
ucts, Electronics Park, Syracuse N. Y. 
Circle No 


glass to 
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STAINLESS STEEL SHEET FOR 
UP TO 1500 F SERVICE 
New withstands 


operating temperatures as high as 1500 
F. Use is made of a special process that 


stainless steel sheet 


involves the diffusion of chromium into 
the surface of steel where an iron and 
chromium atom exchange takes place. 
surface integral 
with the base metal. Since the high 


forming a_ stainless 


temperature is followed by slow cool- 


the sheet 
at the same time. The company claims 


ing, becomes fully annealed 


its newly developed product is easily 
worked bent, 
swaged, formed, spun or welded with 


and can be drawn. 


Chromalloy 


Road, White 


out peeling or cracking. 
Corp.., 150 
Plains, N. Y. 
Circle No. 506, Reader Inquiry Service Cards 
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Tarrytown 


RERATED MOTORS INTRO- 
DUCED IN FRAMES 56 AND 48 


New of Model R_ rerated frac- 
tional horsepower motors, designed in 
NEMA 18, is available 
in ratings from 1/8 to 1 hp, in poly- 
phase, capacitor single phase, perman- 
ent split capacitor and (in the smaller 
split phase types. 


line 


frames 56 and 


ranges) 

Reductions in motor weight and size 
have been made possible by the selec- 
tive use of aluminum and the effective 
design-application of copper and steel. 
The 3/4 hp, 1725 rpm, 
phase weighs only 26 lb as 
compared to 56 lb in the old size. 

\ redesigned 
helps make it possible to put many 
ratings usually expected only in the 
56 frame into the 48 frame. Such rat- 


new single 


motor 


ventilating system 


ings as 1/3 and 1% hp, 1725 rpm. 


phase offered in 
either 56 or 48 frames. In special de- 


single motors are 
signs, especially at 3450 rpm, ratings 
of 1, 144, 2 and 3 hp are available. 
Mylar polyester film is used for slot 
cell 


strategic 


well as in other 
The terminal box is 
built into the lightweight die-cast alu- 
minum end head. The terminal board 
is mounted close to the cover to elim- 
inate “digging” in making lead 
nections. 

Model R motors are available with 
either sleeve or fully sealed ball bear- 
ings. An optional relubrication system 
can be supplied for ball bearing mod- 
els. Sleeve bearings are lubricated by a 
wool felt packing system which retains 
the lubricant regardless of the motor’s 
operating position. 

The motors are available with either 


insulation as 


spots. 


con- 
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Extending 
high production 
advantages to an 


unlimited 
new range 


of specifications 
in fasteners and 
allied products 


PROCESS 


S 


If you use n eee 
these, — th ’ Continental 
CO-FORM Ps offers y« 
unlimited ben setae 
ikon, saan speed, 
dimensional precision, im- 
sroved product strength, and 
sharp, clean contours. For full 
information, write: Continental 
Screw Co., 455 Mt. Pleasant 
St., New Bedford, Mass. 


CONTINENTAL ts 


SCREW COMPANY ° NEW BEDFORD, MASS MEMBER 
SCREW RESEARCH 
HOLTITE FASTENERS ASSOCIATION 
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Hundreds of similar boxes 
are shipped every month to 
near and distant points . . . for 
project “Hush”... for a new 
adding machine . . . for tomor- 
row’s automation. The trust of 
industry is well placed in the 
Chatillon Engineers who are 
heir to more than 120 years of 
spring design and manufactur- 


ing experience. 


Next time you have a 
special spring problem, let a 


Chatillon Spring Engineer 


help you. If you want quality 


springs on schedule, at com- 
petitive prices, send your blue- 


prints to Department P-6. 


85 CLIFF STREET, NEW YORK, N.Y 


Manufacturers of Precision Springs and 


Force Measuring Instruments Since 1835 
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rigid, welded base or with a vibration- 
less resilient mounting that supports 
the motor in rubber. 

Model R motors are available in 
both totally enclosed fan cooled and 
totally enclosed nonventilated construc- 
tion. The externally mounted fan on 
fan cooled models is covered by a 
protective end cowl which directs cool- 
ing air over the length of the motor 
shell. Totally enclosed construction is 
available with sleeve or ball bearings 
in capacitor start single phase, poly- 
phase, split phase and permanent split 
capacitor types. Robbins & Myers, Inc.., 
Springfield, Ohio. 
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RECTANGULAR 
PUSHBUTTONS FEATURE 
INTEGRAL MARKING AREA 


Momentary contact rectangular push- 
buttons for individual and multiple 
application, feature an integral identi- 
fication area and colored buttons for 
improved appearance. Button area is 
available in black, red, white and 
green; frame is black. 

Pushbuttons are offered in two sizes. 
The smaller button (No. 1025) has 
3145 in. x 46 in. frame; 34 in. x % 


in. press area. Rated at 0.5 amp on 
250 volt a-c; 
open or normally closed service. 

The larger button (No. 1126) has 
1-139 in. x 344e in. frame; 1-16 in. x 34 
in. press area. Rated at 2.0 amp on 250 
volt a-c each or two sets of contacts; 


furnished for normally 


furnished with two normally open or 
two normally closed contacts or one 
open and one closed contact. The H. 
R. Kirkland Co., 8 King St., Morris- 
town, N. J. 
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MAGNETICALLY HELD 
SWITCH PREVENTS 
CONTINUITY ERRORS 


Automatic-disconnect switch is magnet- 
ically held and automatically disarmed 
when the energizing voltage drops be- 
tween 13 and 5 volts. A fail-safe 
feature ensures that the solenoid will 
not pull the switch closed. The units 


will withstand vibration frequencies 
up to 500 cps at 10 g loads; normal 
“feel” of toggle-switch operation is re- 
tained. The units, occupying less than 
2.5 cu in, weigh only 4 oz. 

Errors of circuit continuity which 
ordinarily result from residual mag- 
netic fields after a power failure are 
said to be effectively eliminated by the 
new design; necessity for on-off warn- 
ing lights and similar devices is avoided. 

The switches use a standard single- 
hole mounting conforming to JAN pro- 
visions, have a high dielectric strength 
and long operating life. Originally de- 
veloped for precision aviation applica- 
tions, the units provide positive circuit 
control, both manual and remote, for a 
wide range of potential uses. 

Switches are available in single-pole 
and double-pole models in corrosion- 
resistant casings. Lear, Inc., 110 Ionia 
Ave., N. W., Grand Rapids, Mich. 
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HERMETIC SILICON 
CARTRIDGE VOLTAGE 
DOUBLER RECTIFIER 


Small size, light weight and rectifying 
characteristics of dual-purpose silicon 
cartridge voltage doubler rectifiers. 
make them especially applicable to air- 
borne military equipment, and indus- 
trial equipment operating in tempera- 


tures from 55 to 150 C. Hermetic 


sealing in metalized ceramic housings 
permits their use in corrosive atmos- 
pheres. 

Each of these cartridge rectifiers is 
a voltage doubler having a maximum 
rating per leg of 3200 PIV. Therefore, 
two units can be connected as a single- 
phase, full-wave bridge, capable of de- 
livering 1900 volts d-c at 90 ma for an 
input voltage of 2240 volts rms at 75 C. 
Measuring *%64 in. in diam, these recti- 
fiers are available in two standard 


lengths; 21% in. and 4%¢ in. The car- 
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To fill your need for electrical dependability... 


Rome's machine tool wire insulated with 
special long-service PVC compound 


It takes a lot of wire to power and con- 


trol today’s machine tools. And it takes 
wire that must stand up even under 
tough operating conditions. 

The ability of Rome Synthinol (poly- 
vinyl chloride) to stand up under al- 
most any condition is well known. This 
tough insulating compound meets all 
the requirements of the Underwriters’ 
Laboratories’ standards for thermo- 
plastic-insulated machine tool wire. 
Provides resistance to hazards. ils 
and coolants can be rough on your 
equipment’s wiring—especially if rub- 
ber-insulated machine tool wire is used. 


Rome’s Synthinol is highly resistant to 
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the damaging effects of most oils, 
acids, and alkalies. And it withstands 
exposure to grease, gasoline, weather, 
and even flame. 

Keeps your machine operating 

under tough conditions. For service 
up to 600 volts under conditions of 
moisture, corrosive fumes, oil or chem- 
ical corrosion—or combinations of all 
these—Rome’s machine tool wire out- 


performs conventional rubber-insu- 


ROME 
= & 8 
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lated wire. High dielectric strength, 
complete resistance to corona and 
ozone, and moderately high insulation 
resistance give further assurance of its 
long-term dependability. 

Specify Rome’s machine tool wire 
for your next job. Contact your nearest 
Rome Cable representative for more 
information—or write to Department 
380, Rome Cable Corporation, Rome, 
New York. 


CABLE 


O N 





Gearmotor for agitator drive on bulk 
milk cooler. Stainless steel shaft. Leak 
proof seol 


Special diameter motor parts for use in 
rotary oil burners. Range 2 to 5 HP. 


when you need a SPECIAL motor 


Contact 
DOERR 


Over 95% of Doerr's production 
consists of motors with one or 
more special features 


Rely on Doerr’s long and special- 
ized experience to solve your prob- 
lems. List your specifications. Then 
let Doerr prove how easy it is to 
select and receive on-time delivery 
of motors that exactly fill your need. 


Special features and modifications 


Floor machine 
motor. Low con- 
tour—high 
torques—pleas- 
ing appearance 


Sanitary dairy pump motor Doerr- 
Designed to customer's specifications 


of all types are available. Present 
castings, windings and mountings 
can be adapted to solve new design 
problems at minimum cost. In addi- 
tion, Doerr makes a complete line 
of standard NEMA ratings, every 
motor precision-built to the highest 
standards of quality. 


Discover now why leading ma- 
chinery builders consistently re- 
order Doerr Motors. Before you 
buy, just write or call us in for a 
talk. More than likely we can fur- 
nish the top-quality power package 
you want. Try us, and see. 


Doerr motor 
with special 
mounting used 
on leading 10 
table saw 


Special pump bracket eliminates mount- 
ing and alignment problems. Saves space 
and weight. 


Special and stondard electric motors from 
1/30 to 5 HP that exactly meet your needs. 


NOW AVAILABLE 
* tLerger sizes of gearmotors 
*% Low voltage D.C. motors for battery- 
operated equipment 


WRITE FOR NEW BULLETIN ON ELECTRIC 
MOTORS WITHOUT OBLIGATION 


YOU GET MORE WITH DOERR! 


150 North Fourth Avenue 


CEDARBURG, WISCONSIN 


Circle 169 on 


tridge design permits mounting in 
standard 30-amp fuse clips 

\pplications: mounting in d-c relay 
housings to eliminate the need for sep- 
arate power supplies: providing d- 
power for solenoids. counters. variable- 
speed controls, and for the supply ol 
power to the fields of small d-e motors. 
International Rectifier Corp., 1521 East 
Grand Ave.. El Segundo. Calit 
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EPOXY ENCAPSULATED 
CHOKES 

Included in a family of stocked epoxy 
chokes are 13 


ranging in values from 1.1 through 120 


encapsulated models 


microhenries. 
All are 5/16” 


long, with axial pigtail leads. They are 


in diameter and 3/4” 


color-coded for value identification. 
Cambridge Thermionic 
bridge, Mass. 
Circle No. 511, Reader Inquiry Service Cards 
on page 17 
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HIGH DENSITY FIBER 
GASKETING MATERIAL 


Five new high density fiber gasketing 
materials make it possible to obtain 
seals at lower flange pressures. 

In the 
fibers are uniformly coated with a syn- 
thetic rubber saturant while still dis- 
persed in water. 


manufacturing process, the 


This is dome by a 


special modification of the “beater- 
saturation” process. The materials may 
be used in applications involving any 
type of fluid because the Accopac line 
is available with either nitrile, syrene 
or neoprene binders. 

\S-460 


82 pound density. 


The new materials include 
Asbestos 
seals at pressures of 2000 psi, performs 
in flanges at 500 F. It is 
also said to have excellent torque re- 
tention, GRS synthetic rubber binder. 

AD-870 Asbestos Accopac—82 pound 
density, seals at pressures of 2000 psi. 
satisfactorily in flanges at 
and is said to have excellent 
retention, 


Accopac 


satisfactorily 


per forms 
500 F, 
torque 


Neoprene rubber 
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When choosing a premium power cable... 


How much choice do you really have? 


Cable may look alike—but you can find 
many differences in jackets and insulat- 
ing compounds. And you want only 
the best cable for your operating con- 
ditions. 

That’s why it’s important to choose 
your cable from a manufacturer who 
offers you a real choice of modern 
cable materials. 


Full choice of insulating compounds 
Only three major companies give you 
a choice of either oil-base or butyl- 
base insulation. Rome Cable is one of 
these three and offers a choice of 
Rozone A (butyl-base) and Rozone 
(oil-base) insulations. 

And, in addition, Rome can offer 
you a polyethylene insulation for high 
voltages. 

You can match your operating needs 
more closely with cable insulation that 
puts the emphasis on what you want 
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most—resistance to heat, moisture, 
ozone cutting, or any combination of 
properties. You can be sure of this 
choice when the cable is made by 
Rome Cable. 


Getting the right jacket 
In modern jacket materials, too, the 
same kind of freedom works to your 
advantage. You get a choice, with 
Rome Cable, of Roseal (special flame- 
retardant polyethylene); Roprene (a 
Rome-developed neoprene compound 
for use with rubber insulations); Ro- 
lene (polyethylene); and several other 
high-quality jacketing compounds. 


Each has its own advantages, de 
ing on your requirements. 


Bring your cable problems to Rome 
When you discuss your premium cable 
requirements with your Rome Cabk 
representative, you can count on his 
recommending the right cable for you. 
No matter what type of cable you 
choose, take advantage of Rome’s abil 
ity to offer you a real choice. 

For more information on the choice 
you get with Rome’s power cable, con 
tact him now—or write to Department 
713, Rome Cable Corporation, Rome, 


New York. 


ROME CABLE 


Sc oo 
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binder. Others include: AN-890 As- 
bestos Accopac (82 pound density) 
and CN-808 Accopac (60 pound den- 
sity). 
N-840 Accopac has 78 pound density 
| and seals as low as 1500 psi. Arm- 
strong Cork Co., Lancaster, Pa. 
Circle No, 512, Reader Inquiry Service Cards 
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ae MICROMINIATURE DISK 
A CAPACITOR FOR 
oe 1S | | TRANSISTOR CIRCUITRY 


Microminiature disk capacitor, designed 
to meet the small size, high capacitance 
demands of transistor circuitry needed 
in bypass and coupling applications, 


has been trademarked Ultra-Kap. Fea- 


ture is the extremely low power factors 


Here Are The Sizes Available of the series. Centralab. Div., Globe- 
Union. Inc.. 900 E. Keefe Ave., Mil- 
Paar telc) CAPACITY | WORKING SURGE waukee 1, Wis. 
NUMBER IN MFD* VOLTAGE VOLTAGE Circle No, 513, Reader Inquiry Service Cards 
it 4 4 on page 17 
See : 12 
STA-160 mae ic 18 
5 eal ) ] yi 
i . 7 MINIATURIZED HIGH 
Sree 7 , PRESSURE SEAL FITS STAND- 


oo 8 ie a a ARD PUSHBUTTON SWITCHES 
STA.26: 


100 SERIES 


Latest addition to a line of switch boots 
are rugged high-pressure seals jor all 
standard pushbutton switches. When 
installed, the boots replace the switch 
Bape | ‘ | lock-nuts on the exterior of the panel, 
ee wy si and serve as both seal and lock-nut. 
STA-365 35 y - 
STA-370 mK 30 ; i 
STA-375 y x 
: Switch 
*Stondard Capucity Tolerances are minus 15%, plus 25%. pee 


200 SERIES 


300 SERIES 


NOW AVAILABLE IN PRODUCTION QUANTITIES 


Thread size 


Positive stop Panel sealing 


Write for bulletin 6.112 si 


High-pressure sealing is maintained by 


PUSS MAC OOLe LILO De |S caske! mb an incre Pa the 


i : boot—which seats firmly against the 
North Chicago, Illinois, U.S. A. panel to keep out moisture, dust or 


aiversary® combustible vapors. 
Made of silicone rubber, which is 
chemically bonded to the nut, Hexseals 
are flexible from —120 to 500 F, are 
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unaffected by exposure to sun and 


weather, and are impervious to salt 

water, acids and ozone. These boots are 

designed to meet MIL-B-19257 (Ships), 2h 
as well as to meet the weather and 

vibration requirements of MIL-E- 

5272A. Commercial versions are molded 

from neoprene or Buna N. 


Being of single unit construction, 
Hexseals require no assembly. The new 
N series incorporate a hexagonal nut, 
which permits use of standard tools 
for tightening. Standard thread sizes 
are 15/32 in.—32 and 14 in.—32; color 
is grey. Automatic & Precision Mfg. 
Co., 252 Hawthorne Ave., Yonkers, 


N.Y. 
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VAPORPROOF AND 
WATERTIGHT MINIATURE 
INDICATOR 


Vapor-proof and watertight indicator 
light incorporates maker’s “Press to 
Test” feature. The miniature’ un- 
grounded indicator uses a T-1%4 in- 
candescent lamp for 28-volt or an NE2 
neon lamp for 110-volt operation. 
The cap is available in either trans- 
lucent or transparent plastics in amber, 
green, red and clear. The cap, which 


eee ewe ee 
B—WITHOUT HEAT SINK 
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can be marked to suit customer require- i 
ments with 1/16 in. high letters (space : 
permitting), may be easily removed z 
; : 
for convenient lamp replacement from - 
front of panel. Ma 
The lug area of the base is potted 
and covered with a plastic boot. Mount- sine A ae 


ing is by means of a 15/32 in. hole and 
up to 15/16 in. mounting panel. Marco 
Industries Co.. 207 S. Helena St., 
Anaheim, Calif. 
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SILICONE RESIN FOR HIGH- O84 
TEMPERATURE SERVICE eae 


New silicone resin promises to estab- 
lish ame aiid ae PBs METALLURGICAL CL 


for high-temperature protective and de- North Chicago, Illinois, U.S.A. 
corative coatings. Identified as 808 
Resin, it provides excellent gloss re- 
tention after long exposure to high 
temperatures. A typical formulation 
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VERTICAL-VIBRATORY 


PARTS 
FEEDERS 


Automatically feed and 
orient piece parts... 


Feeding gear blanks 


to gear hobber 


orientating and feeding parts 


to grinding machinc 


_ 


Controlled feed rates to automatic machinery 


SYNTRON Vibratory Parts Feeders have broadened the once 
limited field of piece parts handling. Syntron Parts Feeders 
with their gentle vibrating action and rheostat controlled rate 
of parts flow allows the handling of very fragile parts, such as 
thin walled glass bulbs, easily chipped ceramic parts, explosives, 
etc. SYNTRON PARTS FEEDERS are designed for long de- 
pendable service and simple, low cost maintenance. Easily 
adaptable to any automatic machinery operation, assembly, 
counting, inspecting, packaging, etc. that require single file 
feeding of small parts. Send sample parts to SYNTRON applica- 
tion Engineers for recommendations. 


Builders of Quality Equipment for more than a Quarter-Century. 


Other SYNTRON Equipment of proven Dependable Quality 
AC TO DC POWER SINUATED BIN 
CONVERSION UNITS WIRE VIBRATORS 


Write for complete catalog data — FREE 


SYNTRON COMPANY 


hae ee a be ie ee al) Homer City,Penna. 


Circle 173 on page 17 


> 


pigmented with titanium dioxide (P/B 
60/100) and thinned with xylene, re- 
tains its original 84 per cent gloss 
rating after 100 hr at 482 F. When 
subjected to 572 F for 400 hr, or to 
182 F for over 2500 hr, its gloss rating 
drops, but only to 70 per cent. 

Cured films based on Dow Corning 
808 are nonyellowing and exhibit ex- 
cellent adhesion, flexibility, and resist- 
ance to moisture and many common 
chemicals. Pigment wetting character- 
istics are superior to those of com- 
parable silicone resins. Blending, ap- 
plication, and curing methods are sub- 
stantially unchanged. 

Developed primarily for use in for- 
mulating white and light-colored space- 
heater and appliance finishes, 808 is 
currently available in commercial 
quantities. Dow Corning Corp., Mid- 


land, Mic h. 
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STANDARD OVER-RUNNING 
CLUTCHES 


Included in two new complete lines 
of standard over-running Precision 
spring clutches is one series consisting 
of ball bearing clutches ranging from 
20 to 3000 lb-ft torque capacity; the 
other line has sleeve or plain bearings 
in 8 lb-in. to 200 lb-in. torque capac- 
ity. 

The clutches are suited for all over- 
running, indexing and_ backstopping 
applications. The spring and both units 


Civrcw Drum 


_Mounrins 
~ Keysior 


MOUNTING 
HOLE 


Swart AoaPrer 


revolve as a solid unit; there is prac- 
tically no wear. Clutch is self-adjust- 
ing: driving torque is constant through- 
out clutch life. 

In relation to their torque capacity, 
these positive-action clutches are com- 
pact and lightweight. For example, a 
ball bearing clutch with a torque 
capacity of 50 lb-ft weighs only 5 lb. 
has an outside diam of 2%4 in. and 
an over-all length of 34% in. Smallest 
of the sleeve bearing clutches, with a 
torque capacity of 8 lb-in., weighs 1% 
oz and measures 7, in. x 114¢ in. 

Rated speed for the smaller sizes, 


ELECTRICAL MANUFACTURING 





SEPTEMBER 1957 


PTRUSTWORTHY NAMES / 
LECTRICAL PROTECTION 


New! BUSS FUSEHOLDER 


and FUSE 


Lamp Indicating + Signal Activating 


FLASHES A LIGHT - RINGS A BELL - TRIPS A RELAY 
OR GIVES OTHER SIGNALS - TO TELL YOU WHEN 
AND WHERE A FUSE BLOWS! 


Wide Application. Anywhere that it is desirable 
to have a visible or audible signal to indicate when a 
fuse blows, a practical answer is presented by the 
BUSS HKA fuseholder in combination with BUSS 
GLD fuses. 


For example: When HKA holders are used on 
testing equipment they can give a remote signal if 
trouble develops in any part of the equipment .. . 
and the circuit in which trouble occurs is indicated 
by the glowing knob light. 


On control circuits where the electrical fault must 
immediately be detected, the HKA holder can be 
used to give both an audible and visible signal—and 
a relay or other device can also be activated. 


Control panels, switchboards and calculating or 
computing machines are but a few other examples 
of where it is advantageous to use HKA fuseholders 
te be warned of trouble on the circuit. 


SPECIFICATIONS 


BUSS Type HKA Fuseholder. Fuseholders are 
panel mounted for 4 x 144 inch BUSS GLD in- 
dicating fuses. Indicating lamp in transparent knob 
ef fuseholder. 


BUSS Type GLD Indicating Fuse: Indicating pin 
pops out when fuse is blown and activates signal 
or alarm. 


For full information, write or phone for bulletin 
on HKA Fuseholders or . . . ask our Fuse Engineers 
to make recommendations for use of HKA Fuse- 
holders. Send full details of proposed application. 


If you prefer we will be glad to have a BUSS 
Sales Engineer call on you. 


BUSSMANN MFG. Div. McGraw-Edison Co. 


University at Jefferson St. Louis 7, Mo. 


WIRING DIAGRAM 


Common 
C stecned Terminal 
Signal ‘Knob Lamp * 
Circuit 
Q2A99 


Signa! Buss Fuse Line 
Terminal ype GLD Terminal 
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TWIST WIRES... 


DIP IN SOLDER... 


Anaconda announces Anal . an improved 


New Analac* film-insulated, solderable magnet wire can 
be used similarly to Formvar or Plain Enamel—except that 
it is solderable without stripping! 

Soldering by dipping, iron or gun produces a perfect 
joint—in just one second in finer sizes—without prior re- 
moval of the insulation. Analac reduces labor, saves time 


and money soldered connections are 


wherever many 
made, or where small diameter wire makes other means 


of insulation removal hazardous to the insulation or wire. 


Not only this, Analac has the excellent abrasion re- 


sistance and other good mechanical properties of the 


‘namel wire you're now using. It handles readily, per- 


forms well in high-speed winding. 

Analac is colored a bright red with stable dye used 
many years for identical applications—making it highly 
visible even in finest sizes. This helps operators feel more 
secure, results in higher quality work. Distinctive color 
simplifies its identification, too, from nonsolderable wires. 

Analac is available in an exceptionally large range of 
sizes. The Man from Anaconda will be glad to give you 
more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cipal cities—or write: Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


*Reg. U. S. Pat. Off 





SEPTEMBER 195 Circle 174 on page tf i9Mvo 


= 


STRONG JOINTS—as strong as the same joints made 
in bare copper wire—are produced. Here in laboratory 

' a ; J 
test, joint holds under high stress. 


EE eae eee 


Racca * ‘ 
EXCELLENT ABRASION RESISTANCE of Analac is 
shown in this test. It has the same high windability 
normally associated with Formvar, Plain Enamel. 


. 
a 


Pa 
£ 
] 
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JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 
a 50-50 tin-lead solder at 360°C (680°F). The insulation is 
removed at the temperature of molten solder. 





solderable magnet wire 


MOLDED-PLASTIC CASES — designed and devel- 
oped by Anaconda—protect spools of Analac from dam- 
a 


age during shipping. Result: no breaks due to bent 
spools. 


See the Man from 


ANACONDA 


for ready-to-solder Wait th cece 
Analac NEW CATALOG ON ANALAC Cas inescscvedscencasce te4escee 


Yours for the asking. ADDRESS 


magnet wire Mall cocpen aN aa eescnsveseeccnnsvenenscranncnas 


for your copy. CITY, ZONE, STATE 


ANACONDA WIRE & CABLE COMPANY 


Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on 
Analac ready-to-solder magnet wire. 


NAME & TITLE.. 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Housing Diameter 


a 


Bearing OD 


Shoft Diometer 


FIG Bearing 'D 


The achievement of the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


12500 .12495 .12490 .12485 


- Shoft OD — 
ie Bearing pm : 
FIG.2 : 

An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

1. Difficulty in assembly. 

. Difficulty in disasse mbly. This 
is often than 
the (Asse mbly and 


re sult in 


more hazardous 
ope ration 
may total bearing 
destruction. 

Reduction in radial play. 
Danger of 


forming to possible 


hearing Ccon- 
ge- 


haft or 


ring 
poor 
ometry of mating 


Housing. 


TOLERANCE DISTRIBUTION 


The maximum .0003 condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 
12500 12495 .12490 .12485 


-12490 = .12485 


100se 


resoives 


sioning 


Shaft OD 





— ~ 
pxennefinemenmmenenan —_ 
-12480 .12475 
FIG,3 


Ry 


If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and however, nor- 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


bores, 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
pmiette rials involved. 

2. Finish lay patterns produced 
by variou tools and tech- 

niques used. 

8. RMS 


achieved. 


surface finish values 
Geometry of shafts and hous- 
ings as regards out-of-round- 
ness, taper, etc. 
The possible combinations of these 
elements in any single application are 
so numerous that their effect 
can only be ascertained by trial and 
error, or by a detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you'll find this new, 70 page authori- 
tative publication a great help in solv- 


ing problems in de- 


signing instruments 
cv 


gross 


or small electro-me- 
chanical assemblies. 

It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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in both ball bearing and sleeve bear- 
3600 The 


ball bearing clutch transmits 


largest 
3000 Ib- 
1200 


ing types, is rpm. 
ft of torque at a rated speed otf 
rpm and the largest bearing 
clutch transmits 200 I|b-in. at 2400 
rpm. The clutches are self-energizing. 


sleeve 


They do not require an externally op- 
means of actuation. Curtiss- 
Marquette Div., 1145 
Cleveland 10. Ohio. 
Cards 


erated 
Wright 


Galewood 


Corp.. 
Drive. 
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TELL THE CIRCUIT BY 
COLORED LACING 


Color-coding of circuits, large or small, 
can be accomplished by lacing them 
with lacing 
available in six nonfading colors. 
Braided of Nylon. the lacing tape is 
with nontoxic: 
microcrystalline wax 


new color-coded tape, 


dyed permanent, dyes, 
given a_ special 


finish and is further protected by a 


rh 


agent. The flat. 
moisture-resistant, 
and unaffected by temperatures to 200 
F. Soft. pliable and inert, the lacing 
tape will not injure hands; knots tied 
with it won't slip. Applications: 
radom-wound 


special fungicidal 


braided lacing is 


syn- 
and 
electrical harness. among others. Gude- 
brod Bros. Silk Co.. 225 West 34th 
St., New York, N.Y. 
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chro motors. coils 


Inc., 


Cards 


DUPLEX CYCLING TIMER 


Duplex utilizes 
standard Type 412 motor driven Auto- 
matic Reset 

742, the unit 


and operating time on a 


cycling timer two 


Timers. Designated Type 
both idle 
wide variety 


can regulate 


of machinery and perform a_ large 


number of other functions automatic- 
ally. 
After an reuit is 


closed, each timer operates in turn pro- 


initial starting 


viding a timed interval or delay, re- 


at the conclusion of 


each timed period. and then 


starting the other 


resetting 
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TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Enamel resists moisture and chemicals 


No harmful effects from moisture or active chemicals 

. that’s what was learned from actual laboratory 
tests on General Electric resistors. After 360 hours of 
actual contact with water, salt water, solvents, and 
alkalies, the special vitreous-enamel coating on General 
Electric resistors was still giving air-tight protection 
to the delicate wire windings! 

General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold their rated tolerance even 
under extreme temperature conditions (+700° F to 

70° F). Their terminals will hold up to 21 pounds of 
right-angle pull—and a special terminal is available 
to hold up to 34 pounds of pull! 

Like more information? Ask your General Electric 
salesman for a free set of sample resistors and conduct 


your own tests. And send today for the new 36-page 
catalog containing complete information on ratings, 
dimensions and ordering directions. 


Industry Control Department, Roanoke, Virginia 


SEND TODAY FOR FREE 
RESISTOR CATALOG 


Section A784-7 
General Electric Co., Schenectady, N Y. 


Please send a copy of GEA-6592, G-E Resistor Catalog 
Name 
Company 


Address 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 
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Western Electric Equivalents 


AVAILABLE AT (ADC) 


The Western Electric Company has announced that they will no longer 
supply a number of their components to manufacturers. You are invited 
to make ADC your dependable quality source for these parts and to 
discuss your requirements for similar components with ADC. 


PLUGS 


WE ADC | WE apc | WE ADC 
47__pas | 241 pat | 310 _ us | 213 Pus 


JACK PANELS WE ADC WE ADC 


COILS 


181B Al0129 307P A10127 
189D A9100 


\ 
wy 


PJ30 
230A PJ340 


TERMINAL BLOCKS <a 


146U A10703 


WE ADC WE ADC 


L3A PJ103 LSA PJ105 
L4A PJ104 L6A PJ106 


oT 
e 
ie 


JACKS 


ADC offers equivalents 

for almost all 2 & 3 con- 

ductor long frame telephone 
type jacks. 


fl 


PATCH CORDS 


ADC can supply a vari- 

ety of two and three con- 

ductor cords complete with 
J PJ1, PJ3, and PJ5 plugs. Lengths WE Abc 
“* up to six feet available from stock. 240C = A9102 


AUDIO DEVELOPMENT COMPANY 
2836 13th AVENUE SOUTH * MINNEAPOLIS 7, MINNESOTA 
TRANSFORMERS + REACTORS + FILTERS » JACKS & PLUGS » JACK PANELS 
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instantly (within 1% sec) ready for its 
next cycle. Each load switch, operated 
within a repeat accuracy of 44 per 
cent of the full scale reading, is rated 
at 15 amp, 125 volts noninductive. 
Type 742 is rated for operation on 115 
or 220 volts, 60 or 50 cycle power 
supplies. 

Adjustment on each timer is inde- 
pendent of the other, thus providing 
maximum operational flexibility. Stand- 
ard time ranges list 11 choices from 
6 sec to 24 hr, offering more than 60 
possible timer combinations. 

Supplied in a drawn aluminum hous- 
ing (approx. 944 in. x 4% in. x 5 
in.) with black wrinkle finish and dual 
diam knockouts positioned for any 
installation requirement, Type 742 can 
be ordered to control d-c as well as 
a-c loads. Cramer Controls Corp., Box 
8. Centerbrook, Conn. 
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SMALL 15 AMP 125-250 
VOLT TOGGLE SWITCH 


Compact toggle switch measuring only 
625 in. x 1.750 in. x .687 high is de- 
signed primarily for home appliance 
and related device. The “TEP” Switch 
is available in either single-pole-single- 
throw, single-pole-double-throw, double- 
pole-double-throw types. It is rated 15 


amp at 125 and 250 voits a-c only, and 
is Underwriter Laboratories’ tested and 
approved. 

The complete switch weighs less 
than 1 oz and has only 11 parts, 
including contacts. Switch case and 
actuator are bakelite construction, pro- 
viding adequate insulation from current- 
carrying parts. Contacts are heavy-duty 
silver alloy assuring maximum electrical 
capacity and long life. Either screw or 
quick-connect terminals are provided. 

The spring, designed to reduce fric- 
tion on moving parts, holds actuator 
in “on” or “off” position without ten- 
sion, being engaged only at midway 
point. The complete unit has also 
proved stable under momentary high 
overload, and is nonreactive to shock 
and vibrations. 

Variety of contact arrangements 
possible, and small size gives the 
switch unusually wide applications. For 
example, as many as four switches can 
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NOUNCEMENT [ NEWS | 


NEW FASTENER 


prevent leaks, 
squeaks, crazing 
and electrolysis 


Clifton, New Jersey—PARKER-KALON, 


M ADE OF DUPONT ZYTEL NYLON originators of the famous Self-tapping 
Screw, announced today the avail- 
ability of a revolutionary new fastener- 

The remarkable chemical resistance of ranging up to as high as 250°. Resist- seal called Nyltite Staps. Consisting 

Nylon, made of DuPont Zytel, used ance to hot water makes thisnewseal © ' - ing nylon 


in Nyltite Staps, permits the use of effective in dish or clothes washing mbled to a standard 


Staps for many applicata gn oe | ay all kinds. What’s more -K . ing Screw, Nyltite Staps 
subjected OF * agp ee es - = — tempera- tion needs of appliance 
of comm Saal ye manufacturers for a quick, secure and 


di: # oe economical fastener which will elimi- 
# = 

5 hand-assembly of washer to 

wT + and provide a completely 

Pd @rirtight seal. 

fr ® ing the pressure of the 

om R K E & on washer permits the 

N % to the desired tight- 

xing, chipping OF 


origi 
ginators of the Self-tapping Screw te oct 


color matching, 
where fasteners 
ably of colored 
plastic surfaces. 
é i surfaces such as 
‘ding panels. And 


for ; ast, secure, economical, iii matching 
Ss, eak-proof fastenings! ght suey of ee 


Pr Mnamel or plastic surfaces. 


OMPLETE DETAILS SEE INSIDE 





PROTECT PORCELAIN SURFACES... REDUCE 


END MOISTURE SEEPAGE, ELECTROLYSIS AND 


PARKER-KALON NYLTITE STAPS 


PARKER-KALON NYLTITE STAPS CONSIST OF A UNIQUE, SELF- 
CONFORMING NYLON WASHER PREASSEMBLED TO A STANDARD 
P-K SELF-TAPPING SCREW. The specially designed washer is 
folded upon itself so that the edges appear only on its inner 
circumference—the fold comprising the outer rim. When the 
fastener is tightened, subjecting the washer to pressure, the 
flow of the nylon is concentrated at its edges which exist 
only at the center. Thus the shank of the fastener is actually 
hugged by the “‘controlled fiow”’ as is shown in the unre- 
touched photomicrograph at right. Observe how the nylon 
flowed into the thread interstices. Note also the even cushion 
which insulates the head of the screw from the engagement 
material. Here is a perfect seal that will prevent squeaks, 
leaks, crazing or electrolysis. 


COSTLY, TIME-CONSUMING HAND-ASSEMBLY of washer to 
screw is completely eliminated. Parker-Kalon Nyltite Staps 
are preassembled, come ready for immediate use. The nylon 
washer will not come off even in roughest handling, and fits 
snugly against the head of the screw. 


NYLTITE STAPS combine the many advan- SED IN INTERIOR WALLS, Parker-Kalon PERFECT SAFEGUARD for electrical lighting 
tages of the famous Parker-Kalon Self- Nyltite Staps retard frost-creep. The seal fixtures or appliances used out of doors. 
tapping Screws, with those of DuPont is positive, even at—70° F. What’s more, Nyltite Staps are leak-proof, weather- 
Zytel Nylon. Nyltite Stapsareavailablein the cushion provided by Nyltite Staps proof. Winter or Summer, in rain or snow, 
a wide variety of sizes and diameters with prevents cracking, chipping or crazing of Parker-Kalon Nyltite Staps provide a 
Slotted or Phillips Recessed Heads in costly porcelain or enamel surfaces. dependable seal. 

thread-forming (Types A and Z) or thread- 

cutting (Type F) Self-tapping Screws. 


P-K NYLTITE STAPS FASTENERS, RIGIDLY TESTED. Exten- 
sive laboratory tests were conducted by Parker-Kalon, many 
of them for months on end and under extremely adverse 
conditions. In one test, a box was constructed using Nyltite 
Staps in the assembly. The box, illustrated at left, was filled 
with water and allowed to stand for 48 hours. Water was 
then poured off and the box passed through a drying oven 
at 350°. This cycle was repeated many times, giving ample 
opportunity for the shrinkage and expansion of the Nyltite 
washer. No leaks developed. 
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NOISE ...CUSHION VIBRATION ... 


WASHER HAND-ASSEMBLY...WITH 


the ideal fastener-seal for every modern appliance 


WHEREVER NYLTITE STAPS are used, the 
resilient nylon washer means not only a 
moisture-proof, positive seal, but assur- 
ance that the fine finish of your product 
will be fully protected against chipping 
or crazing. Assemblers can work speedily, 
rejections and salvage operations are 
reduced to a minimum. 
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NEITHER DETERGENTS nor hot or cold 
water can penetrate or weaken the positive 
seal formed by Parker-Kalon Nyltite 
Staps. In agitator and drum type washer, 
the tight fastening obtained with Nyltite 
Staps will cushion the effect of vibration, 
hold securely. 


IN AT FAN ASSEMBLIgs and in the instal- 
lations themselves, vibration is always a 
factor. In shrouds, louvers and sheet metal 
work, Parker-Kalon Nyltite Staps do 
double duty—holding securely and adding 
a distinct cushioning effect that makes for 
smoother, quieter operation. 


NO LEAKS UNDER PRESSURE. For this test, a number of 
Hex Head Nyltite Staps were driven into an airtight cylinder 
and tightened to approximately 40’’#. The cylinder was im- 
mersed in water and 80 to 100 pounds of air forced in. The 
cylinder was then checked periodically for weeks. No leaks 
occured and pressure was maintained. Test demonstrated 
conculsively, that Nyltite Staps can be used successfully 
for many applications where assemblies are subject to 


pressure conditions. 


Circle 179 on page 17 





STYLE 100 NYLTITE STAPS consists of self-conforming nylon 

washer which compresses against head and threads of 

screw as it is turned in, making seal. Unusual properties of 

nylon used in Nyltite, permit its use in many.applications 

subjected or exposed to a variety of solvents, acids and high or STYLE 200 STAPS—Consists of separate dished 


low temperatures. Nyltite Staps are ideal all-weather metal washer and extruded neoprene washer. 


‘ 4 Dished metal washer, made of heavy gage steel, 
fasteners and are highly recommended for porcelain, enamel, has outside and inside diameter slightly larger 


. . than unbonded neoprene which permits it to 
plastic and all fine finished products. “flow’’ freely for uniform nesting and lasting seal. 


As both washers remain concentric under pres- 
sure, neoprene ‘“‘flow’’ is controlled. Danger of 
splitting or twisting is eliminated. 


STYLE 300 STAPS—Consists of cut-tube neo- 
prene washer preassembled toa P-K screw having a 
ees washer as an integral part of head. Cupped 
w r holds neoprene captive, preventing spread- 
ing under pressure. This concentric control of 
neoprene makes a lasting, leakproof seal. Liberal 
thickness of neoprene, cut to uniform dimensional 
accuracy, has great resiliency and long life. 


SPECIFY PARKER-KALON STAPS FOR ALL 
Rie A ea N a Tits 


PARKER-KALON fasteners 


MAIL THIS COUPON FOR YOUR FREE SAMPLE 
OF PARKER-KALON STAPS 


PARKER-KALON DIVISION, General American 
Parker-Kalon Division Transportation Corporation. Manufacturers of 
Self-tapping Screws, Socket Screws, 

Screwnails, Masonry Nails, Wing Nuts, Thumb 
Screws and Staps®. 


General American Transportation Corporation 
Clifton, New Jersey 


Please send samples of the new P-K STAPS, 
technical data and application information Factory: Clifton, New Jersey 


Nyltite Style 100 Style 200 Style 300 Warehouses: Chicago and Los Angeles 


Also have a Parker-Kalon Fastener Engineer call to discuss our fastening 
problems. I understand there is no obligation 


PARKER-KALON NATIONALLY ADVERTISED 

PRODUCTS ARE SOLD COAST-TO-COAST, 
BY LEADING INDUSTRIAL SUPPLY DISTRIBUTORS 

NAME 

TITLE__ - 

COMPANY NAME_ 

ADDRESS__ 


CITY 
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be mounted in a single standard-type 
outlet box. Different mounting brackets 
can be provided to suit a wide range 
of appliance, power tool, panel board, 
instrument, commercial or household 
circuit requirements. Tuttle Electric 
Products, Inc., Kirkland, Il. 
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WIRE WRAP TERMINALS FOR 
AUTOMATED PRINTED 
CIRCUIT ASSEMBLY 


Recently developed line of wire wrap 
terminals is available in loose or chain 
form. This terminal features a clinch- 
type design which holds the individual 
terminal firmly in the printed circuit 
board during additional assembly oper- 
ations and until permanently soldered. 

When used in chain form and in 
conjunction with the Malcomatic Lug 


Inserter, the new terminals make pos- 
sible a fully automatic assembly of 20 
wire wrap terminals into printed cir- 
cuit boards, in any pattern, at rates up 
to 20 boards per minute. For semi- 
automatic operation, they can be used 
in chain form for rapid insertion by 
means of maker's single terminal in- 
serter. Malco Tool and Manufacturing 
Co.. Dept EMC. 4025 West Lake St, 
Chicago 24, Il. 
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THIN PHOSPHOR BRONZE FOR 
MINIATURIZED EQUIPMENT 


To meet demands for a thin, strong, 
and uniform spring material for min- 
iaturization applications, phosphor 
bronze is being precision rolled to 
thicknesses as low as 0.0005 in., with 
thickness tolerances as close as 
0.0001 in. 

A relatively inexpensive material, 
phosphor bronze exhibits high 
strength, long fatigue life, good elec- 
trical conductivity, and excellent re- 
sistance to corrosion, as well as excel- 
lent spring characteristics. 

In addition to its applications in 
miniaturized current-carrying springs, 
the ultrathin gauge and/or extremely 


SEPTEMBER 1957 


and per dollar / 
Merkle-Korff Geared Motors 


From 
-4 to 300 
inch-pounds 
at 
800 to 2 RPM 


Many other speeds 
and torques above 
and below this range 


are available. 


In geared motors it’s torque that counts! Highest 
torque output at lowest cost to you is achieved 
by Merkle-Korff’s combination of two operating 
principles: 

1. Maximum gear reducer efficiency, the result of 
45 years’ design experience. Precision hobbed gear- 
ing, heat treated. No molded or stamped gearing. 
Sealed-in-oil housings. 

2. Maximum horsepower output with minimum 
weight motors, uniquely engineered to produce start- 
ing torques equal to or in excess of full load torque. 

Application engineering is Cost Reduction Engi- 
neering at Merkle-Korff. From our many basic models 
and thousands of variations let us engineer an 
improved geared motor drive for you. 


Write for complete information 


Representatives in principal cities 


MERKLE-KORFF 


GEAR COMPANY 
211 NORTH MORGAN STREET * CHICAGO 7, ILLINOIS * MOnroe 6-1900 


Circle 180 on page 17 





circuit protection 


@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeee 


* Overload Protection 


<7 


* Over Voltage Protection 
¢ Under Voltage Protection 
Low Frequency Protection 


G-V Sensing Relays operate contacts when 
current or voltage to their heaters exceeds 


ei a iv) or drops below the operating point. 


L ‘ , 
Note Operating quickly on heavy changes but 


tats tolerating slight changes until they 
become dangerous, the G-V relay 
Yee rmc-? : 
Ts ee provides better protection for your 
SET FoR-30° valuable equipment. 


G-V sensing relays can be selected 
Cr tae with a response rate paralleling the 
el eet action of your equipment. 


fast on anct 
. Pi 
oa ° 


Meets Military Requirements 


Hermetically Sealed Miniature Size 


Light Weight 
Currents .015 to 5 Amps—Voltage 1 to 230 Volts 


White for Engineering Assistance and 
complete technical Data. Ask for Publication 70. 


G-V CONTROLS INC. 
8 Hollywood Plaza 
East Orange, New Jersey 
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close tolerance phosphor bronze strip 
is used in thermostat controls, bush- 
ings, shims, and electronic computing 
tape. American Silver Co. Inc., 36-07 
Prince St. Flushing 54, N.Y. 


Circle No. 522, Reader Inquiry Service Cards 
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DECADE COUNTER WITH 
NIXIE READOUT 


Featuring an all-electronic numerical 
readout, new decade counter contains 
the Burroughs Beam Switching Tube, 
Type 6700, and NIXIE Incidator Tube, 
Type 6844. The unit displays numerical 
information that is directly controlled 
by a single counter tube. 

Precise “in-line” figures are visible 
30 to 40 ft. Characteristics are said to 


oO] 


include a potential counter tube life of 
50,000 hr. 

These plug-in units have been de- 
signed for a minimum panel height 
(3-46 in.) and may be cascaded to 
provide any desired count capacity with 
provisions for manual and electronic 
zero setting. Three models are available, 
covering the 10 ke, 100 ke, and 1 me 
range. Electronic Tube Div., Burroughs 
Corp., Plainfield, N. J. 
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MIDGET PERMANENT- 
MAGNET MOTOR WITH 
ATTACHED GOVERNOR 
Miniature, permanent-magnet motor, 
Model PM-OG, comes with governor 
attached. This motor can be built in 
voltages from 6-28 volts d-c. 
Additional advantages include fast 
starts even at low temperatures (—55 


ELECTRICAL MANUFACTURING 
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EVERY TYPE—EVERY USE 


Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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C), quiet operation in sleeve bearings, 

DURAKOOL and reversibility. 
Model PM-OG finds uses in business 
e e machines, recorders, actuators, blowers 
i t witc eS and other units. It develops a maximum 
of “oo hp and speeds vary from 5000 


are the Life of your to 20,000 rpm. Torque is 0.20 in.-oz 
and current draw is 0.2 amp. 

e Actual size of the unit is 34 in. x 7% 

Automatic Controls in. x 2 in., plus shaft extension but in- 

cluding governor. Shaft diameter is *e2 

in. Small Motors, Inc., 2076 Elston 







Tilted Up : Ave., Chicago 14, Ill. 
: This steel-clad Durakool Circle No. 524, Reader Inquiry Service Cards 
mercury tilt switch has on page 17 
unique construction fea- 
tures that deliver years OIL-TIGHT PUSHBUTTON 
of trouble-free pertorm- ENCLOSURES 
ance on the most difficult 
° assignments you can find. Extra deep and slim, new oil-tight 
MILLIONS OF CYCLES Operating under sealed- pushbutton enclosures made of welded 
WITHOUT FALTERING in, pressurized hydrogen steel have been added to a line of 
° gas, it takes 24 hours, fast standard 3-in.-deep oil-tight pushbutton 
cycling schedules in stride. boxes. The new types are designed to 


See telephone directory for loca! distributor, or write. 7 sizes. 1 to 65 amperes 


DURAKOOL, INC. Send for Bulletin 525. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ALL- STEEL 


‘Durakool 2:2", 
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To serve you better! 


Bridgeport Insulated Wire Co. 
now offers DAGLAS* Magnet Wire, 
28 ga. through 44 ga. AWG 


DAGLAS is flexible glass insulation with 
proven thermal stability. It will not crack or 
fray; has perfect uniformity; meets Class ““B” 
and “H”’ standards; is safer. 


















Ideal for High Speed Motors; High Temper- 
ature Solenoids; Tight, Difficult Aircraft 
Generator Windings; Coils and Transformers. 


BRIDGEPORT’S engineering staff is ready 
to solve your wire problem: Round Magnet 
Wire Textile Served Wire — Litzendraht 
Wire Solderable Enamel (QUICK- 
SOL**) Silicone Enamel — Stranded Al- 
loy Wire Heater & De-icing Wire. 





DAGLAS 


receive any regular make of oil-tight 
pushbutton control unit. 
The extra deep enclosure, 4%4 in. 


(*) DAGLAS is a Phelps Dodge Reg. Trade Mark deep, provides the space needed for 
SEND FOR SAMPLES and PRICES (**) QUICK-SOL is a Bridgeport Insl. Wire Co wiring stacked or tandem oil-tight 
Reg. Trade Mark 


pushbutton units. Ten standard sizes 
The BRIDGEPORT INSULATED WIRE CO. —recommodate from one to twenty-five 
53 BROOKFIELD AVE. BRIDGEPORT, CONN. pushbuttons. 


The slim enclosure is 21% in. sq. and 
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Problem: To produce a rugged, one-piece, 
weatherproof magneto frame for Inter- 
national Harvester farm tractors. Five 
separate magneto parts must be incorpo- 
rated into the body of the casting, and 
accurately positioned to meet exacting 
tolerances of the final assembly. Must be 
designed for fast, economical production. 


Solution: Working closely with IHC, 
Stewart Die Casting engineers developed 
a “slide die” consisting of an elaborate 
system of cores, slides and positioners. 
This intricate arrangement holds the two 
magnetic field pieces, the two magnetic 
pole pieces, and the bearing race in exact 
position while the metal is injected 
around them in the die. The result was a 
precision casting that can be produced 
economically with a minimum of rejects, 
and give dependable performance under 
all conditions. 


found the solution 
and made delivery on time! 


This is just one of many complicated die castings that 
Stewart has developed promptly ... and produced in 
quantity at low cost. 

Nearly half a century of experience, plus unex- 
celled production facilities, enables Stewart to offer 
fast, practical solutions to any die casting problem. 

Whatever type of die casting you need— large or 
small, simple or intricate — you can count on Stewart 
for a quality job... delivered on schedule! 


A DIE CASTING tn: 
Division of STEWART-WARNER CORPORATION 
Chicago, Illinois: 4535 Fullerton Avenue + Bridgeport, Connecticut: 275 Warren Street 

















A New Concept of TIME... 





INDUCTOR MOTOR 


CLUTCH 
MOTOR 









4 


DIRECT CURRENT MOTOR 


1» 
* 
J 


400 CPS MOTOR : 


i ates oi plete 
-NEW Line of 


~  HAYDON* 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 
choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac- 
curacy, quieter operation and longer life. 





HYSTERESIS . . . the ideal general-purpose motor. 


INDUCTOR .. . extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT ...a permanent magnet type for 6 to 32 volts. 


400 CPS... miniature and heavy-duty models for airborne instru- 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORPORATION 


HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 


2533 ELM STREET, TORRINGTON, CONN. 


i 
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can be mounted vertically or horizon- 
tally. Standard sizes hold from one to 
ten pushbutton units. 

The pendent enclosure is 21% in. sq 
and has a conduit hub. Standard sizes 
accommodate from one to eight push- 
button units. 

All types have oil-tight construction 
with gasketed covers and_ external 
mounting feet. Cover screws are cap- 
tivated and thread into sealed wells. 
Additional feature: 14 gage steel con- 
struction prevents cracking and permits 
the user to make conduit connections in 
any desired location. Hoffman Engineer- 
ing Corp., Anoka, Minn. 
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SPIRAL CUT NYLON TUBING 


Spiral cut nylon tubing is now avail- 
able in outside diameters of ¥ in., 
14 in. and 1% in. It can be readily used 
to bundle diameters up to 14 in., % in. 
and | in. 

Spiral cut tubing is quickly cut to 
desired lengths for wire bundling, 





grommet functions or covers for flexible 
shafts. While the nylon spiral is essen- 
tially firm, its resilience provides easy 
handling and a quick snap-on action. 
The Polymer Corp. of Pennsylvania, 
2120 Fairmont Ave., Reading, Pa. 
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SILICONE RUBBERS FOR 
600 F RANGE 


Two new silicone rubbers, developed 
for service at temperatures in the 600 F 
range, are primarily cloth-coating 
stocks characterized by excellent bond 
strength, low compression set, and a 
high degree of resistance to reversion 
under clamps. 

Silastic 6535 is a liquid dispersion, 
shipped ready for solution-coating on 
glass cloth. Vulcanized, it is said to 
have excellent temperature-stable char- 
acteristics. It retains its resilience from 
600 down to a brittle point of —178 F. 

Silastic 2071 is designed especially 
for calendering, although it is also 
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Project Engineer Robert J. Cantwell uses a sys- 
tem of gimbals to describe navigational prob- 
lem in the analysis of a new system design. 


You'll find a 
new 
challenge 


DEVELOPING 


airborne 
computers 
at 


The design and development 

of BRANE (Bombing RAdar Navigation 
Equipment), now being installed 

in B-52 aircraft, offer stimulating new 
challenges to creative engineers 

at IBM Owego. 


Projects currently in process include: 
Inertial guidance... display equipment 
... radar data presentation . . . digital 
and analog systems . . . transistor 
circuit packaging . . . test 

equipment . . . installation. 


If you are an electrical or mechanical 
engineer, a mathematician or a physicist 
—and want to do development work— 
you owe it to yourself to investigate 
the exciting possibilities that airborne 
computers offer you at IBM Owego. 


Development Engineer John Walsh discusses 
the use of a recording storage tube at IBM’s 
Airborne Computer Laboratories, Owego, N. Y. 


DATA PROCESSING 

ELECTRIC TYPEWRITERS 
MILITARY PRODUCTS 

SPECIAL ENGINEERING PRODUCTS 
SUPPLIES 

TIME EQUIPMENT 





Development Engineer J. Robert Holmes com- 
putes, with other systems reliability analysts, 
the operational worth of a bombing system. 


Staff Engineer William Howard reviews gear- 
ing accuracy requirements of test equipment 
with electronic circuit designers. 


Circuit Development Group Leader Ralph Wol- 
cott considers future changes in computer 
output unit for bombing-navigational systems. 


FOR DETAILS, 

just write, outlining background 

and interests, to: 

Mr. R. A. Whitehorne, Dept. 5509 
Mgr. of Engineering Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


MILITARY 


PRODUCTS 





Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 
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Your Electro-Tech “Rep”... 
brings you the hottest news 


on impregnated 
and coated insulations 


Keeping up with today’s technical de- 
velopments is a full-time job in itself. 
That’s why you're smart to talk to 
your suppliers . . . like the “rep” from 
Electro-Tech. 

Electro-Tech’s representatives are 
trained electronics or electrical engi- 
neers. They keep up-to-date on the 
latest developments in the fast-chang- 
ing insulation field. A big part of their 
job is to confer with design engineers 
on special insulation applications. 
This experience could prove useful 
to you. 

Electro’s distributors stock a com- 
plete line of Electro-Tech coated and 


impregnated paper, cloth, glass cloth 
and asbestos cloth insulations in rolls, 
sheet and tape. All insulations are 
known for their excellent character- 
istics including high dielectric and 
mechanical strength, high tempera- 
ture and moisture resistance, light 
weight, flexibility, and many others. 

What's more, every representative 
is backed by the Electro-Tech staff, 
laboratories and facilities—where 
custom-built insulations can fre- 
quently be manufactured at mass- 
production prices. For the name and 
address of your nearest Electro-Tech 
distributor, write: 


Q Electro-Technical Products 


é Gu 


Dept. E26-92 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN (paints, maintenance and construction materials 


industrial chemicals 


DIVISION OF 
Sun Chemical Corporation 


113 East Centre Street, Nutley 10, N. J. 


industrial coatings) * WARWICK (textile and 


* WARWICK WAX (refiners of specialty waxes) * RUTHERFORD (lithographic equip- 


ment) * SUN SUPPLY (lithographic supplies) » GENERAL PRINTING INK (Sigmund Uliman + Fuchs & Lang + 
Eagle « American * Kelly » Chemical Color & Supply Inks) » MORRILL (news inks) + ELECTRO-TECHNICAL 


PRODUCTS (coatings and plastics 


all kinds) + OVERSEAS DIVISION (export 


* PIGMENTS DIVISION (pigments for paints, plastics, printing inks of 


* A. C. HORN COMPANY, LIMITED (Canada) 
PRINTING INK CORPORATION OF CANADA, LIMITED - 


+ GENERAL 
FUCHS & LANG de MEXICO, S. A. de C. V. 
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suitable for molding or extruding. 
Easily processed, its typical properties 
after 24 hr in a circulating air oven at 
600 F include a Shore A Scale hardness 
rating of 63, a tensile strength of 770 
psi, and 200 per cent elongation. 

Both stocks currently available 
in commercial quantities. Dow Corning 


Corp., Midland, Mich. 


Circle No, 527, Reader Inquiry Service Cards 
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are 


SEMIPRECISION BALL 
BEARINGS 


New 


rpm 


low 
the 
bearings 


series to 


selection of semiprecision 
ball bearings is 
Omega-Type The new 
augment splitrace 
provide a wide range of antifriction 
units for shafts Yin. through 1 in. 


known as 
line. 
maker’s 


standard and 
are a_ wide 
variety of radial and thrust bearings 


(flanged 


the 
selection 


diam. Included in 


semistandard 
and unflanged), single and 
double race rollers, pre-lubricated units, 
dust-sealed assemblies and others. Free- 
way Washer & Stamping Co., P. O. Box 
1756, Cleveland 5, Ohio. 
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MIDGET MANIFOLD 2 AND 
3 WAY VALVES 


Midget Way solenoid 
valves have been designed for manifold 
mounting. This construction meets the 
demand for 
solenoid 


Size 2 and 3 


number of 
common body 
eliminating separate pipe connections 


grouping a 


valves on a 


eee, 
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PASSES TESTS 
WITH FLYING COLORS 


MILITARY 
AIRCRAFT 
MOTOR 


Aircraft de-icing pump motor. 


Impact concrete drill motor. 


... equal dependability for your product 


One of the recent Lamb Electric developments is a motor to drive 
submerged pumps on military aircraft—for transfer of fuel from 
reserve to engine tanks. 

For such an important application, motor reliability far beyond 
that normally called for was needed. To insure this degree of reli- 
ability in its actual operation of driving the submerged pump, test 
requirements for the motor were exceptionally rigorous. 


As the result of advanced engineering and design, greatly increased 
brush life, and ability to operate at extremely high temperatures and 
withstand severe shock tests, the motor passed gruelling tests with 
flying colors. 

The skill and experience exemplified here is available to your com- 


pany to provide dependable power for your new or redesigned 
products. 


THE LAMB ELECTRIC COMPANY «+ KENT, OHIO Caer manus ten 


A Division of American Machine and Metals, Inc. slow-speed drive. 


In Canada: Lamb Electric— Division of Sangamo Company Ltd.—Leaside, Ontario 


if you are interested 

S in any of the above 

Ei motors write and we 
shall be glad to send 


full inf tion. 
otavenic: MenORS bee 
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AMAZING (8B. AURCRAET-6UN * #4 
MOTOR DELIVERS 


37 HP FOR 1/0 SECONDS/ 


GENERAL ELECTRIC HAS PACKED POWER PLUS 
INTO THIS AIRCRAFT MOTOR. THIS COMPACT 
400 CYCLE MOTOR OPERATESAN ALL ELECTRICALLY 
POWERED AIRCRAFT GUN DELIVERING 37 
HORSEPOWER. FOR IO SECOND FIRING INTERVAL 


_.OR TWO HORSEPOWER PER POUND OF MOTOR! 


SOME UNUSUAL DESIGN FEATURES: vousLe Rotor 
CONSTRUCTION PERMITS UTILIZATION OF SINGLE 
OR DUAL POWER SOURCES; USE OF NEWLY DEVELOPED 
G-E INSULATION SYSTEM PROTECTS AGAINST 
INTENSE HEAT; AND SPECIAL ROTOR 
CONFIGURATION PROVIDES HIGH STARTING 


eS ig». TORQUE AND HIGH OPERATING EFFICIENCIES. 


THIS SPECIALLY COOLED GE MOTOR OPERATES WHERE 
DE-ENOABILITY CAN MEAN LIFE ITSELF LS 


THIS G-E MOTOR DRIVES A VENTILATOR TO 
EXHAUST WELOING FUMES WHICH CAN PROVE 
DEADLY IN THIS UNDERGROUND CABLE TUNNEL— 
OR IN A SHIPSS HOLD OR ANY ENCLOSED AREA. 
DEPENDABILITY |S IMPERATIVE, DESIGN OF THE Ss 
TOTALLY-ENCLOSED MOTOR (TO GE MOUNTED (7g 
INSIDE BLOWER) POSED THE PROGLEMOF fia. 
DISSIPATING MOTOR HEAT. G-E ENGINEERS a 
SOLVED THE PROBLEM BY BUILDING THE MOTOR } 
WITH SPECIAL HEAT- DISSIPATING RIBS. AN 
INTERNAL FAN TRANSFERS HEAT FROM THE 
WINDINGS WHILE THE BLOWER ITSELF BRINGS 
_ COOLING AIR OVER. THE RIBBED HOUSING. 


? % 





% t AVAILABLE : COMPLETE 
SMALL MOTOR ENGINEERING 
specia ty mo ors ASSISTANCE FOR You/ 
HERE'S THE SPECIAL 


m ATTENTION YOUR SMALL MOTOR 
PROBLEMS GET AT G.-E. 









YOUR LOCAL G-E APPARATUS 
SALES ENGINEER LEARNS ALL 
ABOUT YOUR MOTOR NEEDS. 





HE CALLS A TEAM OF 

FACTORY ENGINEERS WITH 
YEARS OF MOTOR 

APPLICATION EXPERIENCE. 





| AMPLIOYNE-CONTROLLEO 





MECHANICAL ARM HAS FINGERS THAT oe 
TWIST STEEL OR HANDLE AN EGCG G.E/S COMPLETE DEVELOPMENT 


AND TESTING FACILITIES. 
A G-E MULTIPLE AMPLIDYNE SET CONTROLS THE 
MUSCLES OF OMAN, AN OVERHEAD MANIPULATOR 
BUILT BY GENERAL ELECTRIC. O’MAN CAN KNOT 
STEEL GARS, YET DEMONSTRATES A DELICATE TOUCH 
WHEN IT LIFTS AN EGG WITHOUT BREAKING IT. 
O’MAN 1S THE WORLDS LARGEST MECHANICAL ARM 





BUILT TO SUBSTITUTE FOR HUMAN BRAWN IN : ae 
RADIO-ACTIVE AREAS. IN SHORT ORDER A SAMPLE 
7 G-E MOTOR IS READY FOR 
ASYSTEM CONSISTING OF G-E DEVELOPED TESTING ONYOUR PRODUCTS. 


AMPLIDYNES PROVIDES 2070 1 SPEED CONTROL, 
DYNAMIC BRAKING, CURRENT LIMIT OVERLOAD 
PROTECTION, AND ADEQUATE AMPLIFICATIONTO FOR THIS COMPLETE HELP 
CRSP GOMEROALER SOMA, CONTACT YOUR NEARBY G-E 
APPARATUS SALES OFFICE. 
WRITE FOR MORE INFORMATION COVERING G-E EQUIPMENT DESCRIBED 
IN THIS AD TO GENERAL ELECTRIC CO,, SECT. 633-3, SCHENECTADY 5,N.Y. 


GENERAL @@ ELECTRIC 
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CLEVELITE 


The “quality” name for PHENOLIC TUBING! 
PROVEN PERFORMANCE . . . LOW COST 


Clevelite meets the most exacting specifications of the 
electrical industry. 


Uniformity, high insulation advantages and inherent 
ability to hold close tolerances . . . good machinability 
and high resistance to moisture . ensure better 
product performance. 


Insist on Clevelite for collars, cores, spacers, bushings, 
insulators and similar applications. 


Available in diameters, wall thicknesses and lengths as 
required. 


FAST, DEPENDABLE DELIVERIES! 


Send for our latest Clevelite brochure. 
Why pay more? For quality products call CLEVELAND! 


*Reg. U.S. Pat. Off. 





to each valve, when individually 
mounted. Any combination of 2 and 3 
way valves may be used when operated 
from a common pressure and return 
line. Valve solenoids may be controlled 
individually or in any combination, 
depending upon service requirements. 

Valve bodies are of forged brass with 
crown type seats. Valve solenoids have 
stainless steel cores and soft composi- 
tion dises for tight closure. Each valve 
can be quickly removed from the mani- 
fold body without disturbing other 
valves or pipe connections. 

Valves may be mounted in any posi- 
tion without affecting operation. They 
are suitable for handling air, gas, 
water, light oil, refrigerants, etc., up to 
a maximum temperature of 212 F. 
Pressure range is 0 to 300 psi. 

The 3 way valves may be changed 
from normally closed to normally open 
operation or vice versa by merely re- 
volving the valve body 180 deg. Auto- 
matic Switch Co., Florham Park, N. J. 

Circle No. 529, Reader Inquiry Service Cards 
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RELAY DESIGNED FOR FAST 
SWITCHING OF LOW-POWER 
CIRCUITS 


Miniature hermetically sealed relay for 
ultrafast switching of low-power cir- 
cuits meets military specifications. 
During formal qualification testing pro- 
duction models were operated at 60 
cps on life test. After 2000 hr they 
were still within specification. This test 


é 
> 





involved over 400 million operations of 
each relay. 
Design feature is the enclosure of the 


contacts in a_ separate hermetically 

THE = sealed compartment within the outer 
CLEVE LAN D CONTAI N ER Tm, ) case, which is also hermetically sealed. 
Re, WZ This double sealing in inert gas elimi- 





COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT » MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, M.Y. + JAMESBURG, WJ. » LOS ANGELES 









nates possibility of contact contamina- 
tion. Neither volatile emanations from 
warm coils nor insulating materials can 
affect the contacts. 

Operating temperature range of the 
| R-500 series is from —65 to 125 C. 
The relays will withstand shocks of 50 
g and can withstand vibration through- 


ABRASIVE DIVISION at CLEVELAND, OHIO 


Cleveland Container Canada, Lid., Prescott and Toronto, Ont 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, WN. J. 
NEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 


CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO | out a range from 10 to 500 cps at 15 g. 
WEST COAST: IRV. M. COCHRANE CO. 408 S. ALVARADO ST.. LOS ANGELES The total operating time Is given at 
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thousands of combinations for 


—  —. 
od ce je 


aio l a7 low-current 


SOLENOIDS* SWITCHES 


*Mfd. under license from 
(em mea), Oem. ee 


The variety of Oak switches 

is almost limitless. Combined 

with Oak rotary solenoids, they provide 

an assortment of Rotary Selectors that 
covers almost any low-current application— 
simple or complex, military or commercial. 
Oak Rotary Selectors give a positive 
stepping action, even under severe vibration 
and shock. To help you get the exact 
remote-control unit you require, Oak 
engineers will be glad to work out special 
recommendations. Write for copies of 

the Oak switch catalog and rotary solenoid 
bulletin with time-saving layout sheets. 


SWITCHES @ ROTARY SOLENOIDS ¢@ MFG. 
CHOPPERS @ SPECIAL ASSEMBLIES e co. 
VIBRATORS @¢ TUNERS 
1260 Clybourn Avenue, Dept. H, Chicago 10, Illinois 


Phone: MOhawk 4-2222 
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2-pole, shaded pole 
AC Induction Type 


188 


you’re SAF E | 
















---when you 


RELY on GI 


H. P. Motors 


1/40 H. P. to 1/1100 H. P. 


Fractional 


i" 


MODEL B 


4-pole, 4-coil shaded 
pole AC Induction Type 


Your product is only as good as the motor 


that powers it. Play it safe by specifying the 
choice of leading O.E.M.'s — Specify G.I.! 
We have the complete manufacturing facilities 
and vital know-how to handle your particular 


job efficiently, economically, on time. Our 





MODEL A 


2-pole, shaded pole 
AC Induction Type 


design staff will be happy to work with your 


engineers to solve special fractional hp. 


problems. You can rely on G.I.! 


Write for complete specifications and 
quantity-price quotations today! 


MODEL C 





MODEL F 


2-pole, shaded pole 
AC Induction Type 





MODEL O 


2-pole Capacitor Reversi- 
ble Type AC only (for 6, 
12, or 24 volts) 





MODEL E 


4-pole, shaded pole 
AC Induction Type 


MODEL D 


4-pole, 4-coil, shaded 
pole AC Induction Type 


THE GENERAL INDUSTRIES co. 


DEPT. GL 





ELYRIA, OHIO 
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one to two millisec, although the coil 
current characteristics affect this. The 
actual transit time of the contacts from 
the normally closed to normally open 
position is 250 microsec or less. Elec- 
tronics Div, Iron Fireman Manufactur- 
ing Co., 2838 S. E. 9th Ave, Portland 2, 
Ore. 


Circle No. 530, Reader Inquiry Service Cards 
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BERYLLIUM COPPER 
HEAT SINK 


Beryllium copper heat sinks enable 
transistors to operate at higher levels 
of dissipation, and provide a mounting 
clamp for the transistor in those cases 


where the transistor is suspended by 
its leads and not used with a socket. 

Model HS-10 is designed for the GT 
soldered case and Model HS-20 for the 
GT version of the JETEC 30 case. 
General Transistor Corp., 91-27 138th 
Place, Jamaica 35, N. Y. 
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NYLON GEARS, WASHERS 
AND METAL BEARING 
ADAPTORS 


Molded nylon spur gears, thrust wash- 
ers, and metal adaptors for nylon sleeve 
bearings have been added to a line of 
nylon power transmission parts. 
Molded nylon gears are available in 
48-pitch x ¥@ in. face x 1414-deg pres- 
sure angle and 32-pitch x “4¢ in. face x 


STRAIGHT 
BEARING 


tc a 
BEARING 


~ © 
MOLDED IV tI Sle 


rie wae) ale) 





1444-deg pressure angle. Both are 
available with standard stock bore sizes 
ranging from %%2 in. to 3¢ in. 

Thrust washers of %ge-in. molded 
stock are available for stock delivery 
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Designed to meet your 


individual requirements... 


p Si@Av Glasses 


Whatever your glass needs may be—in strength, 
clarity, surface smoothness, dimensional uni- 
formity—Kopp can furnish them. That’s be- 
cause of its aggressive research and engineering 
program. 

In over fifty years, Kopp engineers have de- 
signed and produced more than 1000 glass 
products from over 100 varieties of glass. Kopp 
sight glasses are custom-made to assure re- 
sistance to pressure, impact, and thermal shock. 
They are furnished in squares, rectangles, 
rounds or dome-shaped and in sizes ranging 
from one to several inches in diameter. This 
includes sight glass for gasoline pumps, air 


conditioning systems, oil stoves, fire doors and 
ovens. And all of them have provided users 
with dependable, quality performance. 

Call us about your sight glass requirements. 
Our engineers will be glad to develop a design 
for your exact application. 


ore 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 
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How Alcoa Aluminum 
Fasteners make good 
awnings even better 





Alcoa® Aluminum Fasteners 
guard your reputation for qual- 
ity aluminum awnings. They in- 
sure against both galvanic and 
atmospheric corrosion. They 
provide perfect color match and 
lasting good looks. Specify Alcoa 
Fasteners for assembly and in- 
stallation. Your local Alcoa dis- 
tributor carries complete stocks 
for every requirement. He is 
listed in the Yellow Pages of 
your telephone directory. 


{28 THE ALCOA HOUR 


ALTERNATE NOAY EVENINGS 







ALUAINUAA 
FASTENERS 


A. verve comeses of sweeres 


8 : “BaCDA 


Your Guide 
to the Best in 
Aluminum Value 


Fill out coupon for facts, samples 





Aluminum Company of America 
2241-] Alcoa Blidg., Pittsburgh 19, Pa. 


1 

| 

| 

! 
Gentlemen: | 
Please send complete specification data | 
and samples of Alcoa Aluminum Fasteners. | 
| 

| 

| 

| 

| 

| 


Name 


Company 
Address 


| 
| 
| 
| 
| 
| 
| 
| Title 
| 
| 
| 
L 
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%. in. OD to 
11% in. ID x 3 in. OD. Quiet operation 
in both and nylon-to- 
metal service is one of the outstanding 


in sizes from 1¢ in. ID x 
nylon-to-nylon 


characteristics of nylon thrust washers. 

In applications where it is desirous 
to preserve the thin-wall, heat-dissipat- 
ing advantage of nylon sleeve bearings, 
the provides standard bear- 
ings pressed into metal adaptors with 
OD’s machined to fit oversize bearing 
housings. The metal absorbs frictional 
heat generated in the bearing wall to 
hold temperatures at safe working 
levels. Climax Metal Products Co., 863 
East 140 St., Cleveland 10, Ohio. 
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company 


ANGULAR ACCELEROMETER 


Angular accelerometer engineered to 
excellent either 
instrumentation or control systems is 
compactly designed with completely 


symmetrical inertial ring. Model AAO1- 


give performance in 





0207-1 is available in ranges from zero 
to + % rad 100 


sec", to zero to 
rad/ sec. 

Except in very low range, either 
potentiometer or inductive pick-off can 
be furnished. Humphrey Inc., 2805 
Canon St., San Diego 6, Calif. 
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MINIATURE TRANSISTORIZED 
SERVO AMPLIFIER 


Designed for maximum flexibility in 
system design, lightweight servo ampli- 


fier is capable of delivering a maximum 


power of 6 watts, and can therefore 
drive such servo motors as maker’s 
R124-5 (3 watts), R119-5 (3.5 watts), 





DO NOT BE ELECTROCUTED... 


Sale 


(POWER! 


WITH 


UNIVERSAL 





( ATR 6U-RHG for 6 volts ) 
and 12U-RHG for 12 volts 


INVERTERS 


for changing your storage 
battery current to 
A.C. HOUSEHOLD ELECTRICITY 


Anywhere ... in 


Especially designed for ope 
A.C. %” Electric Drill, 

also 

@ Electric Soldering Iron 

@ Electronic Test Equipment 
@ Electric Polisher 

@ Hand Vacuum Cleaner 





ATR Inverter mounted in Car 


yp» # tay 


Soldering ground lead 









+ 


\ : 


Tape Recording details of call 


your own car! 


=, 








mounted out 
of sight under 
dash or in 
trunk 
compartment! 


rating standard 110-volt 


@ Portable TV Sets 
@ Tape Recorder 
@ PA Systems 

@ Electric Razors 





Using Electric Drill 





* a 


Splicing antenna lead-in 


*In many Cities, the use of 
commercial AC power for 
outside electric hand tools 
use is prohibited by law 
since AC line is grounded. 
ATR INVERTERS provide 
SAFE AC Power with no 
possible danger of being 
electrocuted. 





SEE YOUR JOBBER OR WRITE FACTORY 


\ NEW MODELS 
“KA” Battery Eliminators, 


Vv NEW DES! 


AMERICAN 


DC-AC inverters, 


IGNS ~NEW LITERATURE 


Auto Radio Vibrators 


Tetevision & Rapio Co. 


Quality Products Since 1931 


SAINT PAUL 1, MINNESOTA, U.S. A. 
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DUTCH BRAND PLASTIC TAPE 


for every electrical need! 


From high line to cable vault Dutch Brand Plastic Elec- 
trical Tape meets the requirements of the job. It has 
high dielectric strength, over 1000 volts per mil of thick- 
ness, with stretch to conform neatly and smoothly to 
irregular shapes. It protects against corrosion, is weather- 
proof, waterproof, rot, mildew and fungus proof. Linemen 
and electricians know the value of dependable tape . . . 
and tape economy. 


That’s why they insist on safe, easy-to-use Dutch Brand 
Plastic Tape for every electrical maintenance, production 
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and construction job. Available in the sizes and widths 
to meet every requirement. 


Write for booklet—In the market for 
new ideas on tape as a time-and- 
money-saver? Send for ‘“‘Big Four in 
Electrical Tapes,’’ our new booklet. 
Write today! 


Johns- Manville Dutch Brand Products 
7800 South Woodlawn Avenue 
Chicago 19, Illinois 
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10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C 
% H.P.-120-240 V. A-C 


A 
sth 


L-52-P 






D.P.D.T. + on-off-on » Solder Lugs 
15 A—125 V. A-C 
10 A—250 V. A-C 


% H.P.-120 Volts A-C 
1% H.P.-240 Volts A-C 


fi 


S.P.S.T. + on-off - Screw Terminals 


2230 


; 


10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C [1] 
% H.P.-120-240 V. A-C 





S.P.D.T. - on-off-on + Solder Lugs 
% Amp. 125 V. D-C 


3 Amp. 125 V. A-C 
6 Amp. 24 V. D-C 


K-10-A 





S.P.S.T. + on-off + Screw Terminals 


BRE te 


10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C [1] 
% H.P.-120-240 V. A-C 


L-50-N 





D.P.D.T. + on-on + Screw Terminals 


3 A—125 V. 


6 A—125 V. 
3 A—250 V. 


1887-LP 





S.P.S.T. + on-off + Solder Lugs 


10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C 
% H.P.-120-240 V. A- 





&.P.S.T. + on-off « Screw Terminals 


10 Amp. 24 V. D-C 
3 Amp. 125 V. A-C 


f 5 
ij 
L-20-€ i} 


Fy 


S.P.D.T. + on-off-on + Screw Terminals 


mh & 


TRENTON 4, NEW JERSEY 


53™ Year 
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and R110-5 (6 watts). Further, the 
miniature transistorized unit is highly 
shock and vibration resistant, making 
it particularly suitable for missile and 
high-speed aircraft applications. 

\ plug-in type component, this am- 
plifier is completely potted in a special 
corepound having high strength, high 
stability, and lightweight characteris- 
tics. Captive screws, available in vary- 
ing lengths to suit particular specifica- 
tions, provide an easy mounting means. 

Gain of the amplifier may be easily 
established at various values between 
100 and 1000 merely by inserting one 
external resistor to achieve the gain 
desired. 

Should it be necessary to interchange 
one unit for another, gain tolerance 
between interchanged units will not 
exceed +10%. Kearfott Co, Inc, Little 
Falls, N. J. 
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LIMIT STOPS 


Line of standard electromechanical 
breadboard parts now includes two 
types of limit stop devices for control- 
ling mechanical or electromechanical 
functions, such as the drive of a limited 
rotation potentiometer. 

Limit Stop BP-525 is a cam-operated 
actuating or limiting device which con- 
sists of an SPDT microswitch and 2 


adjustable matching cams which may 





be preset to provide circuit make-or- 
break points over any desired rotational 
arc. Cam assemblies are available to 
cover a combined range in degrees of 
valley of either 0-180 deg or 180-270 
deg. 

The limit stop is designed to provide 
both electric and mechanical stop 
operation by de-energizing the driving 
motor just before the mechanical limit 
is reached, preventing extreme mechani- 
cal shock. Manually adjustable to limits 
between 1 and 100 revolutions of the 
input shaft, the stop positions are indi- 
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now! a low cost gasoline/oil resistant 
insulated wire...the NEW Nylon-jacketed 


CONTINENTAL PETROL WIRE 


pool 





APPROVED BY UNDERWRITERS’ LABORATORIES, INC. 


Looking for a low-cost gasoline and oil resistant insulated wire? An 


” insulated wire approved for use in wiring gasoline pumps and in 
( ontinental refineries BUT at lower cost than lead jacketed rubber insulation? Then 


you've been looking for this NEW Continental PETROL wire. 


WIRE CORPORATION Nylon-jacket over thermoplastic insulation, PETROL wire is not affected 
by most oils, acids and alkalis. It is approved by Underwriters’ 
WALLINGFORD, CONNECTICUT Laboratories for 30°C in gasoline . . . 60°C in oil or air. 
YORK, PENNSYLVANIA Available in sizes from 14 to6 AWG . . . in a rainbow-range of colors. 


For more information on the new Continental PETROL wire, outline your 
requirements in a letter and mail to us immediately. A Continental field 


engineer will be glad to help with any insulated wire problem in your area. 


FREE 72-page catalog of the complete line of Continental Insulated 
Wire and Cable available on request. Send for your copy today. 
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RACK & PANEL CONNECTORS 


AMPHENOL engineering has designed a new series of 
rack & panel connectors with more special features than 
we have room to describe! Here’s a brief checklist, but 
we hope you will write for the catalog sheet! 


Environmentally Sealed rack & panel connectors 
designed for potting 


Two Insert arrangements: 57 electrical contacts 
and 2 coaxial connectors; 75 electrical contacts 
and 3 coaxial connectors 


No air voids throughout body 
Resilient face seal, chemically bonded to insert. 


Female connector spring-loaded; constant pressure on face seal; 
allows for variations in rack and panel designs 


Hooded female contacts—prevent test probe damage 


Temperature Range :—65°C. to +150°C. (with use of new 
high temperature potting compounds 


Low Insertion Force—2 ounces min. to 6 ounces max. per contact. 


Materials: diallyl phthalate bodies; cadmium-plated aluminum 
shells with gold iridescent iridite finish; male contacts SAE 72 
bronze; female contacts bronze, alloy B, ASTM-B140. Plating on 


both contacts is rhodium over silver 


Are E S connectors of value to you? Write for catalog sheet! 


AMPHENOL ELECTRONICS CORPORATION 









chicago 50, illinois WA 
AMPHENOLCANADALTD. toronto9, ontario | uimisiry - 
, «Be ias " 
AMPHENOL Industrial Distributors carry stocks of standard - 
AMPHENOL components in orde r to provide immediate service on your rush 


requirements. 
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cated on a large direct-reading scale. 
Helipot Corp., Newport Beach, Calif. 


Circle No. 535, Reader Inquiry Service Cards 
on page 17 


MINIATURE HIGH 
TEMPERATURE HOOK-UP WIRE 


Useful in airborne instrumentation. 
miniature, extruded Teflon insulated. 
hook-up wire is a 300-volt wire, with 
a wall thickness of extruded insulation 
of 0.003 in. to 0.006 in. Sizes available 





are 32 to 22 AWG inclusive. Each of 
these sizes can be obtained in any of 
the ten standard solid colors or spiral 
striped codings. Hitemp Wires, Inc.. 
1200 Shames Drive, Westbury, Long 
Island, N. Y. 


Circle No. 536, Reader Inquiry Service Cards 
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OPERATING TIME INDICATOR 
BLACK EPOXY GLASS 


Subminiature tube, Type CK1053, for 
use in measuring operating time to a 
total of between 500 and 5000 hr with 
an accuracy of 5 per cent or better and 
at power consumptions of only a few 
microwatts. This type is designed for 





use with electronic equipment in which 
it is desirable to determine the total 
on-time of equipment or components. 
The CK1053 is especially practical for 
such service since it is small, light- 
weight, and consumes low power. Shelf 
life of this tube is 2 years or more and 
it is operable at temperatures between 
0 and 90 C although it may be stored 
t much lower temperatures. 

The CK1053 is a two-element tube. 
The operating current (obtained from 
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LINE OF LEAST RESISTANCE 


Torrington now offers to manufacturers in the air conditioning, heating 
and ventilating industry the most complete line of air moving units in the 
world...and in the three basic areas of air impeller development: fans, 
airotors and complete blower units. Backed by the industry’s finest re- 
search and development facilities, Torrington engineers work only on air 
moving problems and products. No matter what yours may be, try the line 
of least resistance: Talk to Torrington! 





THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA + OAKVILLE. ONTARIO 
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MANUFACTURERS of 


Stromberg-Carlson, after two years’ 


AUTOMATION MANUFACTURING 


If your end product is in the general areas 
of radio, television, electrical appliances, 
automotive circuits, aircraft guidance and 
associated parts or equipment—and you are 
currently using conventional point-to-point 
wiring—we can offer you greatly increased 
production with higher accuracy and lower 
manufacturing cost. 

Basically, our facilities comprise a com- 
pletely mechanized line with four steps: 

First, the fabrication of Printed Wiring 
Boards. 

SECOND, the automatic assembly of Com- 
ponents. 

TuirRD, the automatic Dip-Soldering of 
completed assemblies. 

FouRTH, automatic testing. 


Complete integration 

The Stromberg-Carlson system employs the 

“in line” concept of integrated production. 
The process starts with the accurate reg- 

istration of holes for subsequent operations. 

There follow steps of cleaning and sensitiz- 


The facilities offered in this 
announcement are housed in the 
new 800,000 square foot 
“Electronics Center.” 
Manufacturers’ executives 
interested in this type of ultra- 
modern production are cordially 
invited to visit us 


ing, exposing, developing, etching, sawing 
and perforating, then automatic assembly 
and dip soldering. 

Production rates range from 600 to 1200 
completed units per hour. The system is 
technically and economically effective for 
production lots as low as 500 units. 

Also, we are prepared to accept work in 
any single one of the three phases—printed 
wiring boards, assembly or dip soldering. 


Already at work! 


The Automation Manufacturing System is 
already buzzing. We designed, and are 
producing, a radio for one of America’s 
newest cars. 

Our assignment is the full job: produc- 
tion of printed wiring boards, automatic 
assembly of components, testing and dip 
soldering. An interesting part of this project 
is that an important section of the circuit 
employs transistors instead of tubes, cutting 
down weight and greatly minimizing the 
effects of road shock. 
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ELECTRICAL PRODUCTS 


development, opens to you its new 


FACILITIES 


Exposing Machine Automatic Assembly Line Automatic Soldering Machine 


Your first move... 
is to discuss among your associates the ad- that Stromberg-Carlson is one of the first 
vantages of speed, accuracy and cost reduc- companies offering to share such facilities 
tion inherent in automation manufacturing. with other firms who do not have their own. 
It is fast becoming the system in American The coupon below will bring you a care- 
industry. fully considered answer and may well be a 
Several large manufacturers of electrical great forward step in bettering your prod- 
products have already converted parts of uct and your profits. Why not mail it today? 
their operation to automation. We’re sure There is nothing finer than a Stromberg-Carlson 


sc STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


‘ade’ = 1434 N. Goodman Street «+ Rochester 21, N. Y. ee 


We manufacture tel Biss ; 

ot : ; eas using point-to-point 
wiring. Can your new system be of help to us? 
Company 

Address 


pocccccc cnn 
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the equipment powet supply) is passed 
through the tube whenever the equip- 
ment is in use. Inexpensive colorimeters 
are used to indicate elapsed time. 
Within certain limits, the “full scale” 
life of the CK1053 may be varied by 
means of the anode current used. 
Raytheon Manufacturing Co, 55 Chapel 
St., Newton 58, Mass. 


Circle No. 537, Reader Inquiry Service Cards 
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WAX-FREE PAPER CAPACITOR 


New wax-free paper tubular capacitor 
is manufactured with a pure white 
case completely free from wax to 
facilitate handling and assembly pro- 


cedures. Lightweight, all units are 

The RIGHT rivet, plus the RIGHT riveting machine will ees mets teat wanes. 
—_—_—_—_ rP _ g WHITECAP V84 capacitors are said 
produce a fastened assembly at the RIGHT low cost to offer outstanding humidity resistance. 
Operating temperatures: up to 85 C 


7a ; without derating and to 100 C with 
The correct combination of rivet and ma- voltage derating to insure long life. 


chine requires expert knowledge available to There are Aerovox Corp., New Bedford, Mass. 


you through Chicago Rivet engineers. . beet Steele (Ms. TR, Rees Reaahy Senien Conk 
Anticipated production, type of materials Machines that will set 


te be fastened, assembly shape and its ex- 
pected service life are factors to be consid- 1 7 


ie ; REVERSIBLE STEPLESS 
ered. Decisions must be made on a rivet 2 7 J VARIABLE SPEED REDUCER 
metal or alloy. Type and size of rivet, shape 


of head and shank, depth of tubular section 3 T t T a aah eco Baers ay: ing Ma 
must be all determined. Are indexing fixtures ind with accurate speed repetition, is 
and multiple setters indicated? Can a stand- a 7 J J 7 a feature of the new ZERO-MAX re- 
ard rather than a special rivet be used? ; versible variable speed reducer with 


These are the type of questions Chicago 5 R R R R ft —: 


Basic unit consists of a reversible 


Rivet Engineers are daily answering for in- 6 1 q 7 1 7 q ZERO-MAX variable speed reducer 
dustry. Their recommendations are avail- built onto a 48-frame motor which 
able to you without cost. We suggest you Tubular or Split drives the ZERO-MAX through 1:1 
send a blueprint or sample assembly with 
your inquiry. 


Gucugo Kier » MACHINE CO. ““3=-Five,, 
sa 


948 South 25th Avenue ® FOR YOUR FILES " | } | 
’ Rivet catalog describ- OP vers 
Bellwood Ill. (Chicago Suburb) 7) ing 1388 standard tu- 
© bular and split rivets 
Branch Factory: Tyrone, Pa. | and 26 single and 
= multiple automatic 
rivet setters. 


Rivets At a Time 


Circle 202 on page 17 Circle 203 on page 17> 





Atlanta 
Boston 
Buffalo 
Chicago 
Cincinnati 


SALES OFFICES and 
WAREHOUSE STOCKS 


Baltimore 
Columbus 


SALES OFFICES 


alumalloy fittings and fixtures 


Chosen as original electrical 


equipment for all-aluminum 


portable oil rig 


because they are: 
( 1) Lightweight and rugged! 


(2) All-weather—rust and corrosion 
resistant! 


Designed for oil drilling, this 127’ high portable rig telescopes into 
two pieces and can be transported on its own wheeled chassis. 
Because weight is so important, the manufacturer, Franks Mfg. 
Co., Pampa, Texas, chose aluminum tubing and aluminum struc- 
tural components throughout the design. 


Equally important was his choice of Killark Alumalloy fittings 
and fixtures for the electrical system on the rig. They add little to 
the weight, while contributing permanence and rugged durability. 
They are spark-safe, lightweight, attractive and unaffected by 
either rust or corrosion for the entire life of the rig. 


Close up of one of the 10 vapor 
proof lights used on this portable 
aluminum oil rig. In addition to 
the rugged light fixture and spot 
light in the center, note the Killark 
conduit bodies and splice boxes 
for helping to feed electricity to 
these units. 


This weather-proof plug and recep- 
tacle fitting (right), as well as a row of * 
weather-proof switches, stand in 
lightweight readiness to supply this 
rig with safe, dependable electrical 
needs. 


RSE eR ce 


Vandeventer and Easton Aves. 


69 Mills St., N. W. 
49-51 D St. 

278 Johnson St. 

1528 West Adams St. 
1031 Meta Dr. 


11 W. 25th St. 
390 McCoy St. 


St. Louis 13, Missouri 


Philadelphia 
Pittsburgh 


Dallas 


Denver 


1901 Griffin St 
1073 Galapago 
8319 Mack Ave. 
412 Seaton St. 


2014 Chancellor St 
4830 McKnight Road 

714 Harrison St. 
4130 First Ave., So 


Detroit San Francisco 


los Angeles Seattle 


Kansas City, Mo. 
Minneapolis 


616 W. 26th St. 
826 Andrus Bldg. 


600 W. 181st St 


Sales Offices and Warehouse Stocks throughout Canada 





Hetp’ 


According to Mrs. L. B. Q. (who is 
pictured in the above candid photo- 
graph of the advertising department’s 
mail department and is in charge of 
Sigma premiums, box tops, blown tops 


and the like) Sigma’s July offer of 


free Slidecharts has turned into a 
polymorphous hydra. 

Now it becomes necessary, due to 
the laws of Kirchoff and diminishing 


returns, to terminate the free offer 


we ReLavs 


sioma SENSIT 


Hereafter we'll be glad to oblige, but 
at 25¢* (C.1. A.) per. (It’s either this, 
fellows, or raising the price of Sigma 
relays.) 

Don’t think we do not appreciate the 
interest displayed — it’s just, «... 
Still free is the EBG reprint which 
resumes SIGMA products and is big 
enough so you can read it. 


“Cash, stamps or rare fiduciary objects 


helical gears running in oil inside the 
housing. This package unit is reversed 
by a lever at the top rear of the hous- 
ing which shifts the reversing mecha- 
nism. Reversing the motor does not re- 
verse the output shaft. 

The output speed can be set from 
zero to 400 rpm. When the unit is re- 
versed the output shaft reverses direc- 
tion instantly. The speed setting can 
be changed while the unit is operating 
in either direction or in neutral. If 
different speeds in each direction are 
desired these can be set manually or 
by remote control. 

The complete compact package is 
5-3/4 in. high x 5-5/8 in. wide x 10 
in. long, min, excluding shafts. The 
standard 48-frame motor operates from 
a 115-volt 60-cycle, single phase 
supply. The open-frame, sleeve-bear- 
ing, dripproof motor can be operated 
in any position. 

The reversible motorized ZERO- 
MAX variable speed reducer is avail- 
able in models delivering 10, 15, and 
20 in.-lb constant torque through their 
entire speed range to zero rpm. 
REVCO, Inc., 1900 Lyndale Ave. §, 
Minneapolis 5, Minn. 
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FREQUENCY DETECTOR FOR 
TRANSISTORIZED EQUIPMENT 


Completely self-contained frequency de- 
tector operates directly from transistor 
amplifier of electronic tachometer, 
speed meter, frequency meter, tele- 
metering receiver, or automatic control. 

Designated the Magmeter detector, 
this component, which can be driven 
from a push-pull Class C transistor am- 
plifier, develops a direct current output 


that is linearly proportional to input 
frequency. The detector is made for any 
band from 0-50 cps to 0-10 ke. Output 
is independent of input waveshape and 
amplitude over wide ranges. Linearity 
is better than 1 per cent of full scale. 

Plug-in types are available for con- 
venience during circuit development. 
Types with solder lugs are available 
for production equipment. They are 
hermetically sealed. 


Matched transistors are not required 
and, because the transistors are used 
as switches, the internal heat dissipa- 
tion is at a minimum, thus allowing the 


ucts 


oTHER SOMA pRroo eT10n — ime 


appesmniaens, TO SIGMA INSTRUMENTS, INC. 
| ” 60 Pearl Street, So. Braintree 85, Mass. 
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Custom Designs Manufactured 
by Electrical Industries 


Customer-made Components Sealed 
by Electrical Industries 


New E-! Plant 
Speeds Production! 


Here's 3-way service for designers 


Electrical Industries offers complete facilities for the sealing of 
components in a wide range of sizes from large to sub-miniature. 
E-I will design and produce your complete sealed assembly, or seal 
The Murray Hill facility is newly an tc , ¢ me > wide exnerie > 
equipped throughout. Tighter components of your manufacture. The wide experience of 
quality controls, testing and in: E-I engineers is available to work out special seal requirements. 
spection us vas increase . . . 
production mean betver products, For standard applications, E-I offers hundreds of economical stock 
taster than ever before. terminals including single lead, multiple headers, end seals and 
*Canadian Pat. 523,390; British is sures . a reco -ndati , > 
pat 734.583, U. S- Batents Pend transistor closures. Ask for a recommendation on your seal 


ing. All Rights Reserved. 5 requirements or request catalog on standard E-I sealed components 
® 


Aa: ELECTRICAL INDUSTRIES 


MURRAY HILL, NEW JERSEY 


A Division of Philips Electronics, Inc. Circle 205 on page 17 





@ RELIABILITY 
@ —90°C TO 250°C 


STANDARD IN THE 
WORLD OF WIRE 


@ SUPERIOR CHEMICAL RESISTANCE 
@ EASE OF STRIPPING & SOLDERING 


* TEFLON® 
INSULATED HOOK-UP WIRE 
To Mil-W-16878B, Types E and EE. 
Solid Colors and Stripes. Parallel 
wrapped, Spiral wrapped and Ex- 


truded Insulation. AWG sizes 8 
thru 32. 


HIGH TEMPERATURE LEAD WIRE | 


TEFLON or Silicone impregnated 
fiberglas braid over TEFLON insv- 
lated wire for Missile application 
and High Temperature Motor and 
Transformer leads. AWG sizes 6 
thru 36 


9MMF/Ft “TEFLON” 
AIR DIELECTRIC COAX CABLE 
Extra-flexible JMMF/Ft Capacitance 
coax available with variety of 


outer jackets. LOW-NOISE type 
coax also being supplied. 


SINGLE AND MULTI 
“TEFLON” CABLE 
From 1 to 50 TEFLON Insulated 


CONDUCTOR 


conductors, 


shielded, and 
TEFLON, thermoplastics, or lac- 
quered braids. Units and custom 


jacketed with 


@ UN:IMITED COLOR CODING 


* “TEFLON” 
COATED MAGNET WIRE 


Round Magnet Wire to Mil-W- 
19583, Type Ill. AWG sizes 20 
thru 44 in all coating thicknesses. 


SUPER-FLEXIBLE THINWALL 
HOOK-UP WIRE 


Extra thin wall of TEFLON insula- 
tion over super-flexible stranding 
in AWG sizes 20 thru 36. 


“TEFLON” 
COAXIAL CABLE TO MIL-C-17B 


50, 75, 95, ohm miniature coaxial 
cables in compliance with MIL-C- 
17B, or with variety of outer jac- 
kets to fit specific applications. 


be cabled, 


assemblies available. 


MOST GAUGE SIZES AVAILABLE FOR 


OFF-THE-SHELF DELIVERY 


WRITE FOR 
COMPLETE TECHNICAL 
INFORMATION ON ANY 

OF ABOVE ITEMS 


“TEFLON” AIRFRAME WIRE 
TO MIL-W-7139A 


TEFLON-Fiberglas construction for 
superior resistance to abrasion and 
short-term emergency fire condi- 
tions. AWG sizes 6 thru 22. Na- 
tural, white, colors and tracers 
available. 


SHIELDED “TEFLON” 
COATED WIRE 
All TENSOLON, TEFLON insulated 
wire is available with closely 


woven, braided shield to military 
and customer specifications. 


“TEFLON” 
INSULATED RIBBON CABLE 


Up to 20 conductors, laid parallel 
in flat ribbon. Available with 
metallic or textile braids and 
variety of lacquers and impreg- 
nants. AWG sizes 10 thru 36. 


SURFACE TREATED 
“TEFLON” INSULATED WIRE 


To provide a surface for ready 
adhesion of potting compounds 
and printing foils. Ideal for high- 
temperature encapsulation. AWG 
sizes 10 thru 3 


VO LSa INSULATED WIRE COMPANY, INC. 


198 MAIN STREET, 


TARRYTOWN, N. Y. 


PACIFIC DIV.: 1516 N. GARDNER ST., LOS ANGELES, CALIF. 
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transistor driver to be operated at tem- 

peratures as high as 85 C. Units are it’s A Good Thing 
available for operation from 6, 12. or 24 

volt transistors. \irpax Products Co.. They Don't Make "em 
City of Plantation, Fort Lauderdale, Like They Used To... 
Florida. 


—_ - ————w — ——_— 
Circle No. 540, Reader inquiry Service Cards 
on page 17 


“ATTACHABLE TYPE” 
WELDING PLUGS 


New set of connectors (mating male 


ee 


and female plugs) are designed for 


use in welding cable leads and welding 
whips. Supplied in one size only, they 
can be quickly attached to all cable ® 


sizes from no. 4 through no. 4/0 AWG. 
HOLD TIGHTER! COST LESS! 


Ever hear someone say ‘“‘they don’t make Here’s Why You Should 
’em like they used to’’? Well, it’s a good Order SEMS by Everlock ... 
thing they don’t! Modern autos, for in- 1. Cut costs by eliminating sep- 
stance, last up to three times as long as arate handling of screw and 
the cars of twenty years ago. washer. 

Sems by Everlock are one of the 9, 
reasons. Every modern auto has a thou- 
sand and one places where Sems grip 
tight for the lifetime of the car. The illus- 
tration shows Sems used on a station 
lock connections; long lasting, low wagon tailgate. Often used for both busi- 
resistant engagement; and distortion- ness and pleasure, station wagons get Eliminate rejects due to 
proof construction. Joy Manufacturing abuse and vibration that are sure to work omitted lock washers. 

Co.. Electrical Products Div., 120] old-time fasteners loose. But, Sems by Fast delivery on oa wide 
Macklind Ave.. St. Louis, Mo. Everlock actually hold tighter the more range of sizes, types and 
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The units have a maximum welding Simplify ordering by re- 
ducing the number of items 
carried and quantities stocked. 
Eliminate waste due to lost 
lock washers. 


service rating of 550 amp. 
Features include water-tight neo- 
prene insulating sleeves; positive twist- 


23 KW SINGLE-PHASE (ay? : i Exclusive Everlock 


Chisel Edges firmly 


BRIDGE RECTIFIER STACKS ie ' su! \ grip both the 


. fastener and 
Compact 23 kw silicon single phase ' ee a hy yy o the product! 


bridge rectifiers, engineered for heavy 


Everlock 


power conversion in high ambient tem- 
peratures, are designed for forced ait 
or natural convection cooling. The units 
consist of 4 rectifier silicon junctions 


Everlock Sems are available in a wide 
range of types and sizes. Ordering 

" is not enough, only Everlock 
Sems, preassembled lock washers and 
screws, have the exclusive, full chisel 
edge locking action. 


WRITE FO 
Other Everlock fasteners that feature the ex- FREE po il 


clusive full chisel edge locking action include 
Free Lock Washers, Locknuts and Terminals. 


THOMPSON-BREMER & CO. —— corotest 


mounted on an efficient heat exchanger 514 North Dearborn Street @ Chicago 10, Illinois 


for optimum cooling. Subsidiary of AMERICAN MACHINE & FOUNDRY CO. yale 
The single phase bridge rectifier INDUSTRIAL FASTENERS 


stack is rated at 50 amp, rectified d-c Check the Alphabetical Listing in Your Telephone Book: 


Bay if r EVERLOCK REPRESENTATIVES D. G. Teeling Co W. Henry Cordray Sales Co 
rectified d-c when forced air-cooled at Indianapolis, Ind Philadelphia, Pa 
; 2 J. J. Mcintosh Scott & Steffen, Inc. Plastic & Metal Components Oregon Indust. Factors 
1000 lfm. Maximum input voltage per i i? Georgia Cleveland, Ohio Boston, Mass Portland, Oregon 
ee _. 4 TV 9 a wma . L. Martin Sales Corp. Kenneth D. Delanoy Thom Lundeen Howard N. Clark 

junction 1 300 I IV, OF 210 volt Say Baldwinsville, N.Y. Dayton, Ohio Moline, Illinois Rochester, N. Y 

The conservative ratings of the indi- Richard C. Dudek Sam T. Keller Co. J. Ramsey Reese, Inc Forrest Moschner 

‘. oye ‘ : a : Beverly Hills, Calif. Detroit, Michigan New York, N.Y St. Louis, Mo 

vidual silicon junctions assure high eff- W. L. Barth, Jr. C.W. MeNeil, Inc. | Hank Workman 
ciency in operation at base tempera- Chicago, Illinois Houston, Texas Pleasure Ridge, Ky 


when convection cooled, and 120 amp 


tures up to 155 C: provide a wide safety 
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SAVE 
WEIGHT, SPACE 
and COST 


systems 


GAMEWELL 


Sinusoidal Precision 
Potentiometers 


A specially designed oblong resist- 
ance element rotating under 4 
wipers generates precision sine and 
cosine voltages, proportional to the 
sine or cosine of the shaft rotation 
angle. Functions produced to an 
inherent accuracy and smoothness 
unobtainable by other resistive 
methods. Can replace eccentric 
gears, cams and complicated 
mechanisms in computing, 
analyzing, navigational 

and control systems. 

Send for technical data! 
Functional detail, dimen- 

sions and _ specifications 

will help you apply. 


RVG-17KS 
1 1/16" diemeter 


@-11Cc* 
2 5/16* diameter 


THE GAMEWELL COMPANY 
Newton Upper Falls 64, Mass. 


GAM ig ” Ri-14ms* 


. 43/8* diometer 
Gara 


STAIR CAC SGI Orch fet tosionen 
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of proven quality! 





Double Contact Area 


Phosphor bronze knife-switch socket contacts engage both 
sides of flat plug contacts. 

Socket contacts phosphor bronze, cadmium plated. Plug 
contacts hard brass, cadmium plated. Insulation molded 
bakelite. Plugs and sockets polarized. Steel caps with baked 
crackle enamel. 2, 4, 6, 8, 10, 12 contacts. Cap or panel 
mounting. 

Information on complete line, in Jones Catalog 21: 
Electrical Connecting Devices, Plugs, Sockets, Terminal 
Strips. Write 


HOWARD B. JONES DIVISION 


CINCH MANUFACTURING CORPORATION 


oi AR . 
al io ( 


: ¥ 4 af 
ii i s I & Sb ky ko 3 AY n 
SUBSIDIARY OF UNITED-CARR FASTENER CORP 
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factor for normal industrial and mili- 
tary applications. Hermetic sealing of 
the individual junctions permits use in 
extremely corrosive atmospheres. Appli- 
cations include welders, alternator rec- 
tifiers, magnetic clutches and magnetic 
braking. International Rectifier Corp., 
1521 E. Grand Ave., El Segundo, Calif. 
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STOCKED ZINC-ALLOY 


Stocked wing nuts, Economy series, are 
die-cast of zine alloy. 

The fastener has a wing spread of 
from %4 in. to 144 in. Thread sizes 
range from No. 6 to 3g in. (NC-2 or 
NF-2), made to Unified Thread Series 
specifications. The wing nuts may also 
be ordered with serrated bases (quan- 
tity permitting), to provide a locking 


action when the nut is seated. Separate 
handling of nut and lock-washer may 
thus be eliminated. 

Design features a recessed wings to 
achieve a lighter product, improve ap- 
pearance, and provide a better grip. 
Zine alloy die-cast wing nuts are cor- 
rosion resistant, and generally require 
no further finishing. For special appli- 
cations, most commercial finishes can 
be applied. Gries Reproducer Corp., 
149 Beechwood Ave., New Rochelle, 
i 
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RECTANGULAR CONNECTORS 
WITH “SNAP-IN” CONTACTS 


Series of rectangular electrical connec- 
tors, featuring removable “snap-in” con- 
tacts have retention springs that permit 
attachment of the contacts to the wires 
prior to installation in the connector 
body. This feature also allows easy in- 
sertion or removal for replacement or 
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N LATITUDE Sa atc 


with Westinghouse 


Ae 


insulating materials 


Proven in over 100 Million Applications 
And here’s what they can do for you... 


The Westinghouse line of flexible insulat- 
ing materials satisfies every electrical 
insulating need. More important, this 
complete line of flexible insulation, tapes, 
resins and varnishes has been proven in 
over 100 million original equipment 
applications! 


¢ Silicone glass materials where tough 
Class “‘H”’ heat-resistant products of 
high dielectric strength are required... 


Sturdy, resilient bias-woven tapes where 
tight bonding over irregular surfaces 
and contours is necessary... 


New Epoxy resin-treated tapes to elim- 
inate wrapping voids, provide a high 
dielectric strength in the Class ‘‘B”’ tem- 
perture range... 


Pressure-sensitive silicone glass tapes, 
where good bonding to metal or itself is 
required in the Class ‘‘H”’ range... 


A host of cambric, paper, asbestos, can- 
vas, glass and combination materials 

more than 60 in all—to meet a wide 
variety of insulating requirements... 


And a complete line of quality varnishes 
and resins meeting rigorous U.S. Navy 
specifications... 


In all, there are over 100 different 
Westinghouse insulating materials that 
have been field proven for your special 
requirements. 


Why not call your nearest Westinghouse 
office today or fill in the coupon below for 
complete information. J-06640-A 


you can BE SURE...1F ITS 


Westinghouse 


Westinghouse Electric Corporation 
Micarta Division, Trafford, Pa. 


Plase send me your Leadership Line Catalog 
on Westinghouse insulation, tapes, resins and 
varnishes. 


NAME 
TITLE 
COMPANY 
ADDRESS 


City 
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WHAT H&V INSULATING PAPERS 
CAN DO FOR PROTECTION & PERFORMANCE 


High Dielectric 
Flexible 


Printed Circuits Good Drawing 


Reasons Why: 
Strong these papers stand abuse 
High dielectric strength : 
Good drawing characteristics (good cuffing properties without 
splitting) 
. Strictly neutral PH for maximum service at high temperatures 
. Service that makes and keeps friends 


When you think of insulating materials — think of H&V Paper 


There are a lot of new things being done with paper. Perhaps you 
would like to see a few of them without obligation. Just write us on 
your company letterhead . . . we'll take over from there. 


HOLLINGSWORTH & VOSE COMPANY 


EAST WALPOLE, MASSACHUSETTS 


Specialists in technical papers including .. . 
ELECTRICAL INSULATING * ABRASIVE BACKING « LIQUID 
AND AIR FILTER * SATURATING * ROPE AND JUTE TAG 
RED WALLET « WET STRENGTH SPECIALTIES « INDUSTRIAL 
CREPE + COATING BASE SPECIALTIES 
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re-arrangement. The contacts do not 
require soldering. 

\ split-hood design, another feature. 
calls for a hood made in two parts to 
facilitate assembly, inspection, and con- 
tact replacement or re-arrangement. 

The connectors are said to meet spec- 
ifications for rectangular connectors 
contained in MIL C-8384A. They will 
be available in 34. 42, 50, and other 
standard contact capacities, with the 
12-contact size already in production. 
Consolidated Electrodynamics Corp.. 
740 Salem St., Glendale, Calif. 
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PLUG-IN TRANSFORMER FOR 
PRINTED CIRCUITRY 


Now in production are epoxy-encapsu- 
lated high precision plug-in transform- 
ers for printed-circuit applications. The 
units are designed for maximum mois- 
ture resistance and insulated for high 


operating temperatures. Plug-in termi- 
nals are spaced on multiples of 0.1 in. 
for standard grids. Celco Constantine 
Engineering Laboratories Co., Island 
Ave.. Mahwah 1, N. J. 
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NYLON WIRE HARNESS STRAP 


Self-locking nylon strap secures wire 
bundles against vibration or loadings. 
The unit offers a securing means and 
permits faster production of wire 
harnesses. 

Designated Model IT 1 Bundle Tie, 
the strap is a one-piece detented strip 
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AN 
\ 


“7 Butye your costs! 
Iimprove-your products! 


Here’s how — ; ~ 


Retaining Rings can 
Save Time and Money— 


\ 
\ 
% 


REDUCE WEIGHT 
SAVE MATERIALS 
SAVE SPACE 
SIMPLIFY ASSEMBLY 


REDUCE PRODUCTION 
OPERATIONS 


TYPICAL APPLICATION — 


A 25% saving in assembly cost resulted when 
retaining rings were employed in this electric 
brake. Elimination of a nut, the threading of 
one end of shaft and reduction of 8” in the 
length of an anchor pin effected additional 
important cost reductions. 


Consulta NATIONAL Engineer— He has the facts on thou- 


sands of successful applications and will be happy to discuss your 
specific design problems at your convenience. Just call or write, today ! 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY ° MILWAUKEE 2, WISCONSIN 
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Allis-Chalmers DC MOTOR and 
e e 
Drive Giant 


Combining the rigidity of a 
a double housing planer with 
the versatility of a convertible 
planer, this Baldwin-Lima- 
Hamilton machine is shown 
operating on a 2000-ton Na- 
tional high-speed forging 
Maxipres bedframe. 





CONTROL... 
New Planer 


Baldwin-Lima-Hamilton NILES 
Planer Handles Flatcar-Size Castings 
in One Setup at National Machinery 


Reduced machining time . . . single setup . . . one-man control — 
all are advantages of this huge planer which handles any casting 
within the size dimensions of a railroad flatcar shipment. 


Giving the giant machine maximum flexibility and speed is a 
specially engineered combination of Allis-Chalmers motors, sup- 
porting motor-generator set, Regulex exciter, and control. Main 
power is supplied by a 100-hp, variable-voltage reversing motor. 
This motor and the auxiliary ac motors are coordinated by con- 
trols which can be operated from several locations, including two 
pendant stations. 


Single-Handed Positioning — The pendant control sta- 
tions and other stations permit the operator to position for planing 
and make all adjustments without help. From one location he 
may adjust both the left-hand auxiliary housing and planing, in 
addition to other functions. This gives the machine great flexibility. 


On-the-Job Insurance — Every part of the Allis-Chalmers 
drive motors, from long-lasting field coils to thorough ventilating 
system, is built to eliminate costly shutdowns. It’s designed for 
heavy duty . . . handles extra-tough cuts with no chance of burnout. 


Built-in Flexibility 
is provided by this rail 
head pendant station. It 
has feed-traverse selec- 
tor switch; feed jog;‘‘up- 
right, down-left” switch: 
head feed start and stop: 
main inch cut and inch 
return; main automatic 
cut and return; and stop 
wobble stick. A_ floor- 
mounted station controls 
rail and auxiliary hous- 
ing position, planer 
speeds, and tool lifting. 


Sturdy Construction is a prime feature of this Th ' . : . ; 
ere’s a right combination llis- 
Allis-Chalmers 100-hp, de drive motor. Located in ee of Allis-Chalmers 


a deep pit below the planer, its rigid design holds motors and control for your application, too. Contact 
bearing alignment true — keeps grease in, foreign your nearby Allis-Chalmers sales office or write Allis- 
particles out. Chalmers, General Products Division, Milwaukee 1, Wis. 


: 4 
Wace 


Os 
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You can mount this special-purpose hang- 
up telephone almost anywhere: on desk, 
wall or piece of equipment. The handset 
shown is only one of many standard and 
special-application types you may order. 
The right-angle bracket provides 6 dif- 
ferent mounting positions. 


HOOKSWITCH 


You can get hookswitches with any spring 
combination you need. Illustrated are 
two of many possible arrangements. 


BRACKET 


This special bracket 

gives you a choice of 

12 different mounting 

positions. You may or- 
der it separately or with any combination 
of components you need. You'll find 
complete details in Booklet T-5005. To 
get your free copy, write to 


SC 


* 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
Telecommunication Industrial Sales 
117 Carison Road, Rochester 3, New York 
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of Zytel nylon with a buckle on one 
end and a tab on the other. The strap 
is wrapped around a wire bundle, and 
the tab passed through the buckle and 
pulled tight. Excess strap may then be 
trimmed off with cutters. No special 
tools are needed for installation. Unit 
is adjustable to any size wire bundle 
from 1% in. to 3 in. diam. 

The Bundle Tie is molded from 
Zytel nylon 101 to meet requirements 
of MIL-P-17091, and is resistant to 
solvents and nonnutrient to fungi. Da- 
kota Engineering, Inc., Los 
Calif. 
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Heyco Nylon 


STRAIN 
RELIEF 
BUSHINGS 


Insulate and anchor the 
power supply cord to 
your housing... 


Angeles, 


STRAIN GAGE OPERATES 
TO 1100 F 


Precision high temperature strain gages 
for measurements up to 1100 F are 
offered in standard, resette and cross 
types. 


no need for grommets, 
wire knots or costly 


The gages have all the design fea- 
tures required for use in high tempera- 


ture test work without any on-the-spot | 
fabrication. 

The strain sensitive element is Karma 
wire, the nominal resistance is 120 
ohms, and the gage factor is 2.25. Eac 
unit is furnished with 6-ft-long Fiber- 
glas-covered Nichrome V_ lead wires 
and an adequate supply of AP-1 ceramic 
cement for installation. Columbia Re- 
search Laboratories. Woodlyn, Pa. Send for samples to fit your wire, today! 
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HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


RELAY OPERATES ON NEW 


PRINCIPLE \\ 
Designed on a special principle, her- 


metically sealed new relay, Mark II, 
is based on a novel switching princi- 
ple intended specifically for extreme 
environmental and 


operating condi- 


tions. 


HEY MAN! 
..-SAY HEYMAN 


“Wedge action” is used to achieve 
a positive contact in both the ener- 
gized and de-energized conditions. It 
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ACCURATELY INDICATE SPEEDS TO 
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Compact—light weight — 
“ean be built-in” 


i 
iL 
i 


i 
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ij 
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ideal for over or under- 
speed alarm or control 


Oil resistant — 
trouble free—low cost 


bearingless 


Now . . . design engineers are achieving more efficient, more 

flexible speed indications and control without external gener- 

ator attachments. The new Weston bearingless tachometer 

generator is so compact and light in weight it can be built 
Internal mounting right into equipment, or mounted on rear motor shafts. The 
cost is far less than for the conventional tachometer installa- 
tion; and due to design simplicity, maintenance-free service 
is assured. Can be used with individual indicators, or with 
duplicate or remote indicators, calibrated in any function of 
the R.P.M. . . . as well as with Weston potentiometer record- 
ers. For speed alarm or control, Weston sensitive relays are 
available. Speed ranges from low as 500 up to 100,000 
R.P.M. full scale. Engineering assistance is available to orig- 
inal equipment manufacturers on all tachometer problems. 
Literature on request . .. Weston Electrical Instrument Corp., 
617 Frelinghuysen Avenue, Newark 12, N. J 


Pad mounting 


Motor mounting 


WESTON INSTRUMENTS }+-~= 
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involves constantly increasing contact 
pressure during the over-travel period 
after initial engagement. 

The “wedge action” also effectively 
removes contaminants from contact 
surfaces, reducing resistance to micro- 
level currents. and rendering the relay 
extremely shock and vibration resist- 
ant. 

A 6-pole, double-throw, miniature 
unit, the Mark II relay is designed to 
meet or exceed specifications MIL-R- 
5757C and MIL-R-25018. Some of its 
more important characteristics are its 
operating ambient temperature range 
from —65 to 200 C; its operating vibra- 
tion resistance to frequencies from 5 to 
2,000 eps at 30 g; its operating shock 
resistance to 100 g; and its ability to 
switch currents reliably from dry cir- 
cuit levels to 2 amp. 

While the basic unit has a 26.5 volt 
d-c coil other values can be provided. 
Electro Tec, South Hackensack, N. J. 
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QUICK-FILMING AVIATION 
ELECTRICAL BRUSHES 
ASSURE IMMEDIATE 
HIGH-ALTITUDE PROTECTION 


Quick-filming aviation brush grades re- 
quire no sea level “break-in” filming 
run. When seated properly, the brushes 
are ready for immediate service. 

The immediate filming feature has 
not entailed any sacrifice of other es- 
sential brush characteristics. Greater 
stability in such essential factors as 


5 ad 
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This Customer’s Ad Tells the Mallory Story... 


Mallory Elkonite®-3W3, a superior grade con- 
tact alloy especially suited for heavy duty 
service, helped make this important plus- 
Elkonite is one of many 
contact materials pioneered by Mallory for the 
electrical equipment manufacturing industry. 


service possible. 


Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Speciol Metals * Welding Materials 
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For contact metals, or for contact design, do 
as many manufacturers have done—call on 
Mallory, specialists in contact metallurgy, for 
complete materials selection 
to contact design and production. Write, or 
call the nearby Mallory representative. 





assistance, from 


Expect more...get more from 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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KEARFOTT COMPONENTS 
INCLUDE: 
Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplihers, Ta 
chometer Generators, Hermetic Ro 
tary Seals, Indicators and other Elec 
trical and Mechanical Components 


KEARFOTT SYSTEMS INCLUDE 


Directional Gyro Compass Systems 
Three Gyro Stable Platform Systems 
and Inertial Navigational Systems 


NEW 
ARFOTT 


FOR LIGHT, MORE RELIABLE 
SERVO SYSTEMS 


SERVO MOTORS 


Standard Kearfott servo motors and servo motor- 
generator combinations are now available for 
operation with transistorized amplifiers. These 
units feature center tapped control phase windings 
rated 40 volts in series and 20 volts in parallel. 
Fixed phase excitation to size 8 and 10 units is 26 
volts 400 cps and to size 11, 15 and 18 motors 115 
volts 400 cps 


SUMMARY OF CHARACTERISTICS 


No Lond 
Speed 
6200 RPM 
6500 RPM 
6700 RPM 
5300 RPM 
5300 RPM 


TRANSISTORIZED AMPLIFIERS 


A new transistorized servo amplifier suitable for 
driving size 8, 10, 11, and 15 servo motors is also 
available. This amplifier provides a 40 volt, 6 watt 
output. Designed to meet the requirements of 
MIL-E-5400 it is rated for operation over the am- 
bient temperature range of —54°C to +71°C. Two 
captured screws and a recessed connector are sup- 
plied with unit. Dimensions 1 36" x 156" x 1%" 
high, weight 4.7 oz 


Write Today For Descriptive Technical Data 


earjott 


| 
A SUBSIDIARY OF | 
GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


. 
Sales and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 


Midwest Office: 23 W. Calendar Ave 


, Lo Grange, tll. South Central Office: 6211 Denton Drive, Dallas, Texas 


West Coost Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


Circle 219 on page 17 


brush temperature, field current and 
commutation is maintained under a 
wide range of speed, load, temperature 
and altitude variations. From no load 
to full load, from minimum speed to 
overspeed, and through rapid transi- 
tions from earth surface to high alti- 
tudes. the brushes assure well-filmed 
commutators without grooving. 

Improved commutation combines 
with exceptionally low friction coefh- 
cient to reduce brush operating tem- 
peratures materially. 

Contact drop values are said to be 
uniform within remarkably close limits. 
The plotting of contact drop vs. current 
density approaches a straight line rela- 
tion. Consequently, selective wear on 
multiple brush installations is dimin- 
ished. 

The quick-filming brushes are avail- 
able in a wide range of contact drop 
levels, with various degrees of high- 
altitude treatment. and in types, grades 
and sizes for practically any aviation 
rotating electrical equipment. Stack- 
pole Carbon Co., St. Marys. Pa. 
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VARIABLE SPEED CONTROL 
FOR OPERATING D-C 
GEARMOTORS FROM A-C 


Newly developed variable speed con- 
trol for operating d-c gearmotors from 
a-c circuits utilizes dry disc-type selen- 
ium rectifiers and a variable voltage 
transformer. The motor can be started 
instantly, since no warm-up time is 
required. 

Varying range of speeds, infinitely 
adjustable from basic top motor speed 
down, permits optimum starting and 
constant torque throughout the work- 
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* superior insulating resistance at 
elevated temperatures 


¢ low electrical leakage . . . prevents 
electrical shocks in use 


* superior resistance to repeated thermal shock 
© well vitrified .. . low moisture absorption 
¢ long life . . . will not soften, char, or deteriorate 


* strong, uniform parts for faster assembly. . . 
dimensionally accurate .. . 
resist chipping and breaking. 






: tae ee 

bey A Subsidiary of 
Minnesota Mining and 

Manufacturing Company 


, 














AS 
Your future sales depend on customer satisfaction. Safe- 
guard the performance and reputation of your product with 


available at 
reasonable cost in quantity desired. Fast shipments. 


safe, uniform AlSiMag 197 insulators... 


For — Oven Bushings . . . Iron Blocks . . . Toaster Hooks... 
Element Supports ... Element Spacers... Winding Forms... Auto- 
motive Parts . . . Dryer Insulators . . . Many Similar Applications. 


Send blueprint or sketch for complete information on 
AlSiMag 197 parts for your use. 


AMERICAN LAVA. | ciartanooca s. renn. 
CORPORATION S6TH YEAR OF CERAMIC LEADERSHIP 





For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 

Center, Mass * Buffalo, N. Y. * Chicago, lil. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash. 

Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 
International Division, 99 Park Ave., New York, N. Y. 
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iH) MICRO SWI 


CH Precision 


-+- FIRST IN PRECISION SWITCHING 


Here are 6 N EW 


Precision Switches by 
MICRO SWITCRH... 


Designed to meet modern electrical 


control requirements 


MICRO SWITCH pioneered the development of 
precision switches.../t has been first in precision 
switching for two decades...These new switches are 
typical of MICRO SWITCH's continuing leadership. 


MICRO SWITCH alternate action 
pushbutton switch gives on-off 
control of up to four circuits 


Shown here is the MICRO SWITCH 82PB1-T2 (un- 
lighted) which allows on-off control of up to four 
circuits. When the switch button is pushed, the 
contacts of the switches are alternately reversed. 
They complete a cycle of action every two opera- 
tions of the button. 


This alternate action is achieved by the extremely 
compact design of a long-life assembly of ratchets. 
Variations are possible which will permit almost any 
sequence of switch operation. For instance, on a 
switch with a four-push sequence, a great many 
sequences of switch operation can be provided. 


This switch requires but 1% in. below its mounting 
panel and mounts in a ¥% in. hole. Button is of 
off-white plastic. Operating force is 35 oz. max. 

(Send for Data Sheet 124) 
SWITCH CHARACTERISTICS 


Two spot switches; break distance .010 in. min. Electrical data: 
U/L listed at 5 amps. 125 or 250 vac; 30 vdc rating: inductive, 
3 amps. at sea level and 2.5 amps. at 50,000 feet; resistive, 4 amps. 
at sea level and 50,000 feet. Maximum inrush is 15 amps. 


MICRO SWITCH magnetic hold-in 
toggle switch—permits remote 
release of toggle lever to its un- 
operated position 


This MICRO SWITCH 2ET1 magnetic hold-in toggle 
switch is a momentary-action toggle switch which 
also functions as a maintained-contact switch by 
means of a solenoid incorporated into the design of 
the switch. When the toggle lever is operated and 
the solenoid is energized, the magnetic force of the 
solenoid holds the switch in the operated position. 
This magnetic hold-in feature permits remote elec- 
trical release of the lever. 


The precision SPpT switch and a 28 vdc solenoid are 
contained in one compact unit. The small size makes 
it an ideal component for applications where space 
is a critical factor. (Send for Data Sheet 137) 


SWITCH CHARACTERISTICS 


Total travel 30°; Electrical data: 28 vdc rating: inductive 3 amps. 
at sea level and 2.5 amps. at 50,000 feet; resistive, 4 amps. at 
sea level and 50,000 feet; motor, 4 amps. at sea level and 50,000 
feet; inrush, 24 amps. at sea level and 50,000 feet; Hold-in rating 
of solenoid is 18-30 vdc. 
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Switches have uses unlimited |H| 


MICRO SWITCH 
“Rocket Switch’— 


a rugged, sealed small 3 i MICRO SWITCH 
switch for indicating three-position 
and lockout devices toggle switch—4 SPDT circuits with 


Developed for use on rocket a single lever 

launchers, this MICRO SWITCH ‘eiiitaeicomseaea Seri il ‘tch f 

21AS2 assembly fits the needs of Seen SARS CARE GE SOG Oe AON See 
: : ; ; SPDT switching units. Two units are actuated in each 

many industrial designs. a 

extreme toggle lever position. None are actuated 

when lever is in center position. 





The assembly consists of one SPDT 

Tian EN switch attached to a rugged cam-type ac- 7 : : 

tuator. The assembly is environment- aa and Many different combinations, however, —_v, be ob- 

withstands the highly-corrosive effects of rocket pro- ps including the make and break of circuits in all 
pulsion gases. The assembly will withstand heavy three lever positions. 3 Ave 

impact hammer blows on the actuator. Outstanding features of this series include the compact 

(Send for Data Sheet 120) design, positively-driven switch actuators and sturdy 

SWITCH CHARACTERISTICS construction. A safety catch guards against accidental 


Operating force—6 to 12 lbs. Full overtravel force—10 lbs. min.; movement of toggle lever. (Send for Data Sheet 132) 
Release force—4 lbs. min. 


Electrical Data: 28 vde rating: inductive, 3 amps. at sea level SWITCH CHARACTERISTICS 


and 2 amps. at 50,000 feet; resistive, 4 amps. at sea level and Electrical rating at 30 vdc: inductive—10 amps. at sea level, 6 amps 
50,000 feet; inrush, 24 amps. at sea level and 50,000 feet. Motor, at 50,000 ft.; resistive—10 amps.; motor—6 amps. Basic units listed 
4 amps. at sea level and 50,000 feet; inrush, 24 amps. at sea level by Underwriters’ Laboratories for: 10 amps. 125 or 250 vac; 4% amp. 
and 50,000 feet. (Altitude ratings established with seal deliber- 125 vde; 4% amp. 250 vdc. 

ately broken.) 


/ r | MICRO SWITCH 
i. | “typewriter” pushbutton 


switch for manual 
MICRO SWITCH T keyboard control 


completely sealed MICRO SWITCH 1PB81-T2 switch is 
: : ideal for one-finger rapid-repeat operation such as is 
magnetic hold-in required for the type of keyboard control found in 
. electric typewriters, adding machines, etc. The repeat 
toggle switch action os rapid as the fastest operator can push 
The MICRO SWITCH 5ET Series is a the button. 
completely sealed momentary This switch uses a SPDT MICRO SWITCH subminiature 
action toggle switch which also switch for snap-action reliability. The contoured but- 
functions as a maintained contact ton and unique overtravel spring combine to reduce 
switch. When the toggle lever is operator fatigue. Operating “‘feel,’’ however, is suffi- 
operated and a solenoid is energized, the magnetic cient to avoid mistakes and false actuations. 
force holds the lever operated. This hold-in feature Removable % in. dia. plastic button is available in 
permits remote electrical release of the lever. red, green, off-white or black. It is keyed to prevent 
Both switch and solenoid are sealed within the rotation. (Send for Data Sheet 125) 
cylindrically shaped enclosure. This insures con- SWITCH CHARACTERISTICS 
stant operating characteristics. An elastomer seal Electrical rating at 30 vdc: inductive—3 amps. at sea level and 
at the base of the toggle lever prevents entrance 50,000 ft.; 


; maximum inrush—15 amps. Basic subminiature switch 
of dust or moisture. (Send for Data Sheet 121) is listed by Underwriters’ Laboratories at 5 amps. 125 or 250 vac. 


SWITCH CHARACTERISTICS 


Total travel 30°; Contact arrangement sppT, may be wired either 
N. O. or N. C. Electrical rating at 28 vde: inductive, 3 amps. 
at sea level and 2.5 amps. at 50,000 feet; resistive, 4 amps. at sea 
level and 50,000 feet; motor, 4 amps. at sea level and 50,000 feet; 


inrush, 24 amps. at sea level and 50,000 feet; Hold-in rating of 


» 24 amps. « ; Hold- A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY H 
solenoid is 18-30 volts dc. 
in Conado, Leoside, Toronto 17, Ontorio » FREEPORT, ILLINOIS (""'™' 
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Glass just 
naturally glows 
with light. 

Case in point: 
This new bathroom 
ventilator-lamp 
by Berns Ajir-King 
with 
Lancaster 
diffuser lenses. 
(Looks smarter, 
sells faster.) 
Heat can’t harm 
Lancaster glass. 
And it never 
tells its age. 
Brighten your 
product’s future 
with Lancaster 
design flexibility 
in glass. 

Write for 
illuminating 
“Application 
Handbook.” 
Lancaster Glass 
Corporation, 
Lancaster 1, 
Ohio. 


f 
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ing speed range. The variable speed 
control is available with reversing, 
nonreversing, “Jogging” and dynamic 
braking. Janette Electric Manufactur- 
ing Co.. Lehigh and Main, Morton 
Grove. Ill. 


Circle No. 550, Reader Inquiry Service Cards 
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MAGNETICALLY ENGAGED 
CLUTCH COUPLING 


Magnetically engaged clutch coupling 
line has been broadened to include 
higher and lower ratings, as well as for 
a wider range of applications. 

The Magnetic Clutch Coupling is a 
heavy-duty. low inertia, positive engage 
ment type utilizing serrated teeth fo 
transmitting high torques without slip- 
page. One advantage of the new Dings 
design is the lower WK of the ser 


rated type over conventional friction 


type clutch couplings. Where slippage 
is not needed, and the application re- 
quires merely engagement and disen- 
gagement. clutch features include rat- 
ings extended from 1200 through 32.000 
lb-ft torque; Class B insulation as 
standard; improved thrust bearing; ac- 
ceptance of larger shaft diameters. 

Features retained from the previous 
design include: High lift (body removal 
without disturbing hubs); no slippage: 
ample brush contact and collector ring 
width; overdesign to withstand shock 
loads: housings to meet all require- 
ments. 

Dings Brakes, Inc., 4740 West Elec- 
tric Ave., Milwaukee 46, Wisc. 
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PHOTOELECTRIC SENSING 
PROBES FOR INACCESSIBLE 
LOCATIONS 


Positioning of photoelectric pick-ups at 
points difficult to reach is simplified by 
photoelectric sensing heads with light 
conducting Lucite probes. 

The Lucite probes are rigidly at- 
tached in proper alignment to a case 
containing both phototube and _ light 
source lamp. The case may be mounted 
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Quick facts ion ieee who design-in and specify electric motors 


Dise Motors... Space Savers Unequalled! 


Here’s the way to reduce the space 
occupied by a motor and still get per- 
formance characteristics equivalent to 
those of a conventionally designed 
motor. Depending upon horsepower, 
Howell Disc motors will effect length 
reductions of between 42 and 50 per- 
cent, with only a very slight increase in 
overall diametet 


This drastic space saving results from 


flattening the end plates and recessing 
Howell is 
one of the few manufacturers who fur- 
nish disc motors (sometimes called 
‘pancake” or 
ard item. 


ea 
5 & 


the bearings into the motor. 


“wafer-type”) as a stand- 


Fig. A Fig. B 


Fig. A, showing the Howell disc motor 
design, illustrates how the bearings are 
recessed into the rotor. Compare this 
with Fig. B, showing conventional mo 
tor construction. Both designs provide 
ample copper wire and lamination steel 
in the motor. 


As compared to other disc motors hav- 
ing the rotor recessed into the stator, 
Howell's disc motor design has these 
advantages: (1) Effects a greater reduc- 
tion in size; (2) Has no axial air gap to 
vary and cause motor “howl” or power 
loss, when bearings wear over an ex- 
tended period; (3) Service, if ever 
needed, is simplified because of the con- 
ventional rotor and stator construction. 


It’s a tried and proved design — Howell 
Disc Motors have been used with excel- 
lent results on machine tools, punch 
presses, cranes and hoists, among many 
other applications . . . and new uses are 
being developed constantly. Because 
there are no ventilation ports in the 
end plate at the pulley end of an open- 
type disc motor, it’s ideal for vertical, 
shaft-up mounting. 


Howell can furnish all the 
electrical types available in 
conventional motors — 
multi-speed, high torque, 
high slip; single or poly- 
phase; Class “B” or “H” in- 
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sulation included. They're readily com- 
bined with the Howell friction brake 
to make an extremely compact and effi- 
cient type of brake motor. 


They are offered as standard motors 
in Frame sizes 56 through 32, both in 
open and enclosed, fan-cooled construc- 
tions. Mountings: either NEMA “C” 
face end plates or foot-type as 
illustrated. 


FLANGE MOUNTING FOOT MOUNTING 


Sizes range from 4 to 20 h.p. at 1800 
rpm, including intermittent hoist types. 


Write for Bulletin DT-1 


Howell’s distinctive motor construction, 
as applied to the disc type motor, in- 
cludes such features as these: 


High-quality insulation. Seven different 
pieces of insulation for each slot cell 
Complete insulation between top and 
bottom coils and between all phase 
groups. Lead wires brazed to coil ends 
and insulated with vinyl chloride plas 
ticized fiberglass tubing 


Copper-clad rotor. Copper bars and end 
rings are welded or brazed together for 
unusual strength. High melting point of 
copper prevents damage from high tem 
peratures caused by possible over-loads 


Expert craftsmanship. Rotors are ground 
to precision limits for exact concentricity 
and uniform air gap. They are dynam 
ically balanced at rated speeds 


High-quality coil varnish, Entire stator 
is thoroughly impregnated twice with the 
finest phenolic resin-base varnish, twice 
baked for extra protection 


Leakproof oil seals. Provide dependable, 
dirt-free operation 


HOWELL MOTORS 


HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


PRECISION-BUILT 
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MOTORS FOR INDUSTRY 


SINCE USES 
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NEW! 





P&B PROGRESS/ 


UNIQUE DESIGN IMPROVES WEIGHT, SIZE, PERFORMANCE FACTORS 





Miniature telephone type relay has 
superior shock/vibration la stopec ita ekeL= 


2). 


POTTER & BRUMFIELD 
MG SERIES RELAY 


Unusual for a telephone type relay, the 
MG Series has excellent stability under 
high shock and vibration conditions. Tests 
show this miniature, light weight (only 
1.2 oz., open) relay withstands vibration 
of 10g 55 to 500 cycles per second and will 
operate under shock to 30g according 
to Mgl-R-5757C. 

The superior performance of the MG is 
due in part to its unique single stack con- 


POTTER & BRUMFIELD, INC., PRINCETON, INDIANA—SUBSIDIARY OF AMERICAN 


struction and to an exclusive hinge design 
which provides zero heel gap. 

Open, dust covered or hermetically 
sealed, the MG is available with contact 
arrangements up to 4 Form C (4PDT). It 
is rated for ambient temperatures of 
=55°C to +85°C. A high-temperature 
version with a range of —65°C to+ 125°C 
will soon be available. Write or wire today 
for complete specifications and delivery. 


MACHINE & FOUNDRY COMPANY 





POLYSTYRENE 


” 4 


DUST COVER \ ae HERMETICALLY SEALED 
¥ 


MG SERIES 


TERMINALS: 
Open Relay: Pierced Solder Lugs. 
Contacts: Two #18 AWG wires. Coil: Two #20 AWG wires. 
Hermetically Sealed: 
Miniature plug-in header with 7, 9 or 14 pins. Multiple Solder 
header with hook and terminals for three #20 AWG wires. 
Polystyrene Dust Cover: Micro Ribbon plug-in type. 
Mating receptacle: Amphenol #57-20140 or similar. 
INSULATION RESISTANCE: 100 megohms min. 
VIBRATION: .065” excursion 10-55 cps. 
10g 55-500 cps. upon request. 
SHOCK: 30g according to Mil-R-5757C upon request. 
TEMPERATURE RANGE: —55°C to +85°C. 
WEIGHT: 1.2 ozs. (open) 2.0 ozs. (sealed). 
PULL-IN SPEED: Approximately 15 ms at nominal voltage. 
DROP-OUT SPEED: Approximately 10 ms at nominal voltage. 
CONTACTS: 3/32 silver. 
CONTACT ARRANGEMENT: 4 pole, double throw (4 Form C). 
COIL POWER: 3 watts max. DC @ 25°C. Continuous duty. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC, ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


See our catalog in Sweet's Product Design File. 


Potter & Buuntield, ine. 


PRINCETON, INDIANA 


SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 


Mail the coupon below for further engineering data on P&B’s MG Relay plus new 
compact catalog of standard type relays. If you need answers to a specific applica- 
tion problem, write in detail. 


Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 
Special Projects Engineer 


Please send me complete engineering data on the MG Relay 
plus the new compact catalog of P&B standard relays. 

Name ia 
Company 
Address__ 


rr 
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with the probes projecting into inacces- 
sible areas. 

Probes. available in lengths up to 
t ft. can be furnished in practically 
any shape. Distance between ends 
should not exceed 1 in. 

Where desirable the phototube and 
the light source can be housed sepa- 
rately and the probes projected into the 
pick-up area from different directions. 

The new sensing heads can be fur- 
nished with either “dark-energized” or 
“light-energized” photoelectric controls. 
Autotron, Inc., Box 722-F, Danville. III. 
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PLUG VALVES 


Design features of plug valves in new 
sizes include dead tight shut off through 
use of O-ring flow seal and O-rings at 
top and bottom to prevent external 
leakage. 

In the open position, the valve is full 
ported and allows a straight-through 
flow passage. These plug valves are op- 
erated by handles that open and close 
against pressure with absolutely no 
effort, and are available in pipe sizes 
14 in., 4% in. and 34 in. The 14-in. size 





COSMO 


NYLON 
BOBBINS 


@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength 
Resistance to heat and deformation 
Toughness 
Light Weight 
Lasting Resilience 
Easier Handling 


-.. These properties in Cosmo Nylon 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern pliant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 
Send in your specs or write for data 
brochure and samples, 


SALES DIVISION OFFICES 


Ohio, Illinois, Massachusetts, Connecticut, New Jersey, Michigan, Missouri, Texas, 
Arizona, Canada 


3239 WEST 14 STREET * TOwer 1-55697 * CLEVELAND 9, OHIO 
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DEPENDABILITY PROVED !! 


In Thousands of Installations 


GMAT CACRREN 


BINT Tela -te} 

especially for 

“4 use in high quality 
F communication equipment 


TELEPHONE > ~ PROVEN 
SWITCHBOARD JACKS SWITCHBOARD EQUIPMENT 


Long Frame type, Rugged Steel Frame. Maximum life, corrosion resistant springs 
Produced in specially designed dies—press of special alloy of nickel silver, produced 
welded to provide the rigidity and dimen- in precision designed dies, insure maxi- 
sional stability so important in Communi- mum spring life. Welded cross-bar palla- 
cation Jack Panels. dium contacts. 


Available in all the popular MIL type 
numbers per specification MIL-J-641A. 


Write for catalog S-57A 


ASA! Canadian Representative 


1324 N. Halsted Street Atlas Radio Corporation, Ltd 
Chicago 22, Ill. 50 Wingold Avenue, Toronto, Canada 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS 
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is now available in stainless steel with 
a new aluminum handle. Other sizes are 
available in brass. 

Design eliminates adjusting nuts and 
springs making the valve adjustment 
and maintenance free for long service 
life. Circle Seal Products Co., Ine., 
2181 E. Foothill Blvd., Pasadena. Calif. 
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BLACK EPOXY GLASS 
LAMINATES FOR PRINTED 
CIRCUITRY 


Micaply epoxy glass laminates for 
printed circuitry are now available in 
black for those applications where a 
black material is desired. Produced in 
companys Grade EGM, this black 


epoxy glass laminate is designated 
Grade EGM-B. 

Standard thicknesses include from 
0.032 in. through 0.5 in. 

This newly developed black epoxy 
glass laminate is available clad with 
copper or unclad. It is also offered 
with printed circuits of customer's 
design, flushed to the surface of the 
material. Flushed circuits produced by 
this process can be used for commuta- 
tors, rotary timing discs and many other 
applications where reliability and a 
flush surface are desired. The Mica 
Corp., 4031 Elenda St, Culver City, 
Calif. 

Circle No. 554, Reader Inquiry Service Cards 

on page 17 


MIDGET REGULATED D-C 
POWER SUPPLIES 


Packaged miniature regulated d-c power 
supplies can be used as power sources 
in transistor test equipment as bias 
and d-c filament supplies, and as mag- 
netic simplifier voltage references. 
Operating from 110 volts a-c, the 
Powertran supplies fixed d-c voltages 
from 5 to 50 volts, with currents as 


ELECTRICAL MANUFACTURING 
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Another cost-saving application of Amplex Powder Metallurgy 


Quality is a must for trouble free operation, con- 
tinued customer satisfaction. And quality depends 
upon the excellence of every part, every component. 
For many years Whirlpool-Seeger has used OILITE 
center post bearings, agitator shaft bearings, water 
pump bearings and pulley bearings in their auto- 
matic washers. Whirlpool-Seeger uses these and 
other OILITE parts for very good reasons. 

First of all, the manufacturer knows OILITE 
heavy-duty bronze bearings will meet specifications. 
Chrysler-Amplex precision production assures him 
OILITE bearings capable of carrying their loads 
safely, surely and quietly. 

Then too, Chrysler-Amplex plant and facilities— 


RY 


AN AUTOMATIC 
WASHER HELPS BUILD 
CUSTOMER SATISFACTION 
-YET COSTS NO MORE 


= t 


OILITE bronze agitator shaft bearing 
OILITE bronze upper center post bearing 


| eee 


OILITE bronze rubber-mounted lower 


center post bearing 


OILITE bronze thrust washers (2) 


©] OILITE bronze pulley bearing 


‘, ge 


OILITE bronze thrust bearing 
OILITE bronze water pump bearing. 


largest and most complete of any in the metal 
powder fabrication industry—promises on-time 
deliveries in any quantity. 

Moreover, in using OILITE bearings the manu- 
facturer selects a product his customers know and 
respect for superior engineering. 

Finally, this manufacturer, like a great many 
others, finds OILITE bearings—despite all their 
advantages—cost no more. 

Chrysler-Amplex representatives and dealers are 
located in principal cities in United States and 
Canada. Let the nearby representative help you. 
Find him in the yellow section of your telephone 
directory under—‘‘Bearings—OILITE.” 


Only Chrysler Makes Oilite* 


AMPLEX DIVISION 


PRoouUcT 
*OILITE is a 


registered trademark 


CHRYSLER CORPORATION «+ DETROIT 31, MICHIGAN 


Representatives and dealers located throughout the world 
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Coma (e1 eek 


Cee bha bet ween 


Just a press of the finger and 


it’s labeled with 
Dennison PRES-a-ply* 


Look at the other unique advantages 
that PRES-a-ply labels offer: 


¥ Clean, easy and labor-saving. 
¥ Adhere to surfaces usually difficult to label — smooth non-porous 
surfaces like enamels and plastics. 
Vv Broad choice of stocks including litho-coated, high: gloss, foils, 
casein coated metallics, tag, acetate, latex impregnated. 
¥ Available in a wide range of shapes, sizes, colors Dennison- 
designed to fill your requirements. 
Vv Available with permanent or removable adhesive. 
¥ Long shelf life. 
Dennison offers four convenient PRES-a- 
ply Dispensers — manual or electric. They 


are easy to load and operate. They speed 
labeling, insure against label spoilage. 


For more information write 


Dennison 
DEPT. 55, FRAMINGHAM, MASS. 


*Registered trademark for Dennison self-adhering labels and seals 
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high as 35 ma. The full load regulation 
is as low as + 1.5 per cent, and per 
cent ripple as low as 0.3 per cent. 

Novel feature in the packaging of the 
Powertran is a model which may be 
plugged directly into an a-c socket to 
give a convenient source of d-c power 
for laboratory bench use. Other models 
may be wired into a circuit or may 
be used with an a-c line cord. Ferrotran 
Electronics Co.. 693 Broadway. New 
York 12, N. Y. 


Circle No. 555, Reader Inquiry Service Cards 
on page 17 


PACKAGED SERVO 
DIGITIZER 


Designed to digitize an AC input signal. 
Model SL-1004 is a servo-driven digitizet 
operating directly from a 400-cps line. 
Packaged for inclusion in larger equip- 
ment, it includes a miniaturized, high 
gain transistor-magnetic servo amplifie: 
and power supply. 

The output is binary-decimal, and 
the encoder shaft is driven +170 deg 


from null. Full scale corresponds to 10 
volts rms, 400 cps, in phase with the 
line. Static error is 0.15 per cent of full 
scale. 

Typical applications are ground and 
flight instrumentation, and analog trans- 
lation to feed digital computers, as an 
input to a card or tape system. Indus- 
trial Control Co.. 805 Albin Ave.. 
Lindenhurst, L. I., N. Y. 
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A-C MOTOR SERIES 


A-c motors. designed for induction, tor 
que or hysteresis synchronous applica- 
tions. which outputs up to 1 hp, is des- 
ignated the 3800 Frame series. Avail- 
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DASHBOARD LIGHT LENS 


MOLDED FURNITURE DRAWER 


WASHING MACHINE 
AGITATOR 


DISH WASHER 
IMPELLER 


, TIMING GEAR 


SEARCHLIGHT 
LENS 


DISTRIBUTOR 
CAP 


Any Material - Any Shape 

Any Color - Any Size 

Planning before production can save you time and 

money. Richardson offers a complete service in re- 

search, development and design. Multi-plant opera- 

tions offer ample facilities for injection, transfer and 

compression molding. Write today for the molding P L A S T I C S 

catalog or phone Chicago MAnsfield 6-8900. LAMINATED AND MOLDED 


THE RICHARDSON COMPANY « DEPT. 22 + 2799 LAKE ST. » MELROSE PARK, ILL. - SALES OFFICES IN PRINCIPAL CITIES 
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“Nothing like Kester Solder, Fred, 
for speeding up those production 
soldering jobs.” 


“Been using Kester for almost half 
a century, Tom.” 


“The Technical and Engineering 
Service at Kester is a great help in 
licking production problems, Bob." 


KESTER 
. 
a ee oe es 


SOLDER 


SEND FOR “Solder... 
the 78-page Kester textbook. It’s free. 


OLDER 


and Usage,” 


“When it comes to rigid alloy qual- 
ity control, George, you have to 
hand it to Kester Solder.” 


“| like the way Kester Solder goes 
to work, Harry. It’s always fast, neat, 
economical.” 


“We have no trouble with inspec- 
tion rejects now, Bill, since we 
switched to Kester Solder.” 


watts, 


% 
wy. HOW THE WORD 
Ce 7 
(A GETS AROUND! 
vs 


You hear comments like these 
everywhere plant men get together 
to “talk shop.” It’s a fact .. . there’s 
no product quite like Kester Flux- 
Core Solder. And that’s why you 
see it used everywhere. 


Its Fundamentals 


4209 Wrightwood Avenue, Chicago 339, Illinois 


Newark 5S, New Jer 
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able input voltages: from 26 to 230 
volts a-c, 1, 2 and 3 phase; input 
frequency from 25-400 cycles. 

For induction applications, units in 
this series are offered in outputs to 1 
hp; torque motors 10-200 oz-in. stall 
torque; hysteresis synchronous 1400 
to 44 hp. Motors can be wound for 
single, dual or three speed, and can be 
supplied as self-cooled with internal 
fan. 

Units in this frame series weigh from 
8 to 11 Ib. All can be supplied for use 
as fan and blower motors and as perm- 
anent-magnet generators. Induction Mo- 
tors Corp.. 570 Main St., Westbury, 
Ne. 
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PRECISION CARBON FILM 
RESISTORS 


Carbon film resistors, said to exceed 
the requirements of MIL-R-105909B, 
Characteristic B, are designed for use 
in circuits requiring maximum stability 
and small size. Seven sizes, 
1 


rated from 
1-2 watts, are now in quantity 
production. The five key types, KC60 


through KC80, correspond to the five 
military types, RN60 through RN8O0. 
Key types KC50 and KC55, rated at 
Mo and 1g watt respectively should 
be of particular interest to designers of 
transistorized circuits. Key Resistor 
Corp., 321 W Redondo Beach Blvd., 
Gardena, Calif. 
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HERMETIC TERMINALS FOR 
TRANSFORMER 
APPLICATIONS 


Two new high voltage fused glass-to- 
metal hermetic terminals for transform- 
ers use maker's specially developed 
compression glass—-V-24—with a re- 
sistance of 100,000 megohms at 150 C. 
The new terminals are rated at 3500 
volts rms and 5000 volts rms. 

Both terminals—made with single 
pin electrodes—can be soldered on high 
speed production lines. They are de- 
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new components from 


subminiature wire-type 


tantalum capacitors and 


a 
variable transformer \s 


GREATER CAPACITANCE PER UNIT VOLUME 


The new Series TW Ohmite subminiature Tan-O-Mite® 
TANTALUM CAPACITORS are wire-type units that fea- 
ture greater capacitance per unit volume, lower leakage cur- 
rent and power factor, and small capacitance drop at 
extremely low temperatures as compared to other types of 
electrolytics. Ultrasmall for low-voltage DC transistorized 
electronic equipment, these new tantalum capacitors have 
high stability, high capacitance, long shelf life, and excellent 
performance under temperature extremes of —55°C to 
+85° C. They are available in six subminiature sizes: 0.1 to 
60 mfd. over-all capacitance range. 


~| _ PLASTIC 
EMBEOMENT 


UNINSULATED 


D (inches) L (inches) | oD | 
.075 (5/64) 156 (5/32) | 082 | 
075 (5/64) | 187 (3/16) | 082 
.095 (3/32) | 172 (11/64) | 100 
095 (3/32) | 250 (1/4) 100 
1251/8) | 312 (5/16) 134 | 
.125 (1/8) | .500 (1/2) 134 
! 








Smallest size is .075 (544) x .156(542) inches; the largest is 
125 (4%) x .500(14) inches. Five stock sizes are available in 
a wide range of capacitances, voltages. Units insulated with 
a tough Mylar® plastic sleeve can be furnished. Write on 


MORE CAPACITY FOR EQUAL SIZE company letterhead for Bulletin 148B. 


The rating of 1!2 amperes represents a continuous rat- 
ing at any brush setting. This “bonus” in current capac- BE RIGHT WITH 
ity is the result of a unique core design by Ohmite. 
The new Ohmite VARIABLE TRANSFORMER 
model VT1R5 features: Long-wearing, nonoxidizing, 
rhodium-plated coil contact surface, a ceramic hub that 
mounts the contact arm, and provides 3000 VAC insu- 


lation between parts at line potential and shaft assem- RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 


bly; positive brush to center-lead connection because TANTALUM CAPACITORS + VARIABLE TRANSFORMERS 
brush pigtail shunt is bonded into solid copper-graphite 


slip ring. Input voltage is 120 V, 60 cycle; output volt- 
age is 0-120 V—0-132 V. Mounted bby 34°-32" bushing OHMITE MANUFACTURING COMPANY 


and nut. Write for Bulletin 151. 3613 Howard Street, Skokie, Illinois 
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Up to 40% higher tightening torques keep a 


—and only the combination of an UNBRAKO screw 


UNBRAKO SET SCREW 


RECOMMENDED SOCKET SET SCREW 
TIGHTENING TORQUES 
(Inch-Pounds) 
MINIMUM 


SET SCREW SET SCREW DIFFERENTIAL 
SCREW SIZE UNBRAKO B c % 


The High-Torque UNBRAKO has a radius 
#4 5 3.9 3.5 28 in the socket corners. This eliminates the 
# sharp corners where cracks start. It also 
5 9 7.8 7.4 15 distributes the stresses developed when 
# tightening torques are applied. Ordinary 
6 9 7.8 7.4 15 socket screws have sharp corners which 
#8. 20 14.7 14.5 36 often crack when tightened even at lower 
torques than those recommended for 

26.5 25 25 UNBRAKO. 

62 60 40 


122 32 UNBRAKO ORDINARY 
SET SCREW SET SCREW 
198 29 


309 23 
460 24 
1106 11 
1540 
3660 
5025 


The High-Torque UNBRAKO has a deeper 
socket, which gives you more purchase 
The High-Torque UNBRAKO socket set screw is made to withstand the highest tight- with the wrench. Since more wrench can 
ening torques ever used to seat a set screw—up to 40°, higher than an ordinary set be put into the UNBRAKO socket, you can 
screw. But to take full advantage of this UNBRAKO feature you must have a key that set the screw much tighter. And you won’t 
can apply the force required to seat it without damaging the screw or snapping the ream the socket or round the corners of 
key. The High-Titan UNBRAKO hex key is designed specifically to set a High-Torque the wrench. 

UNBRAKO so that you can be assured of full high-torque performance every time. 


UNBRAKO SET SCREW 


Here’s why a High-Torque UNBRAKO 
can be seated tighter—and stay put 


UNBRAKO SET SCREW 


It has fully formed threads that make the 
whole screw stronger. The metal is 
compressed into the closely knit grain 
structure that you see in this illustration. 
The grain flow follows the contour of 
the threads. There are no straight lines 
along which shear can occur. The The High-Torque UNBRAKO is properly 
UnsBRAKOretains its flow lines even when heat treated, kept clean. Its grain structure 
ground down to .010 in. below root is uniform. It is free of decarburization. 
diameter. Screws with cut or ground There’s no danger of stripping the threads 
threads lose thread format root diameter. or shearing the point when tightening 
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High-Torque UNBRAKO socket set screw tight 


and key assures full high-torque performance 


ORDINARY SET SCREW 


are full of the telltale white spots that 
identify it. 

And here’s why an UNBRAKO High-Titan 
hex key can be used to apply far more 
tightening torque to a High-Torque 
UNBRAKO socket set screw than is needed 
without damaging either the screw or 
the key. 

The High-Titan UNBRAKO is not an ordi- 
nary hex key. It is a precision internal 
wrenching tool with high ductility, spe- 
cially designed to assure full high-torque 
performance. It is made of special alloy 
steel bar stock, inspected magnetically and 
chemically to make sure that the material 


which exert torque on the inner walls of 
the socket, are sharp and tough. The 
bend is strong. 


The High-Titan UNBRAKO is accurately 
sized the flats and the 
corners to insure snug fit and full wall con- 
tact. It won’t ream or wear an UNBRAKO 
socket. The square cut end engages the 
full depth of the socket for greater tighten- 
ing power. It gives you up to 2597, more 
wrench engagement than a key with a 
chamfered end. 


across across 


UNBRAKO CHAMFERED END 


torques are applied. The ordinary screw is 
suffering from an overdose of decarburi- 
zation; socket walls, threads and point 


is flawless and of the specified properties. 


Its sides are flat and parallel. The corners, 


TORQUE-ANGULAR DISPLACEMENT CURVE 
FOR Ye‘ HEXAGON KEYS 


TORQUE INCH-POUNDS 


LEGEND 


BRITTLE KEY ~-—-—— 


UNBRAKO KEY 


TORQUE 





ANGULAR DEFLECTION RADIANS* PER INCH 
*1 radian approximates 57.3° 


Unbrako Socket Screw Division 


Standard Pressed Steel Co. © The Cleveland Cap Screw Co. @ Cooper Precision Products @ Standc« 
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The High-Titan UNBRAKO hex key is heat 
treated in modern atmosphere-controlled 
furnaces. The surface is casehardened 
without decarburization. The extra hard 
surface gives the key longer life. And it 
retains its dimensional accuracy, is tougher 
and more ductile than ordinary keys. This 
torque-angular displacement curve for ¥ 
in. hexagon keys distinguishes a High- 
Titan UNBRAKO from an ordinary key. 
The High-Titan UNBRAKO has a higher 
yield point and a higher breaking point— 
you can exert a much higher torque with 
it without snapping the key. 


Be sure you get the full high-torque per- 
formance offered only by the combination 
of a High-Torque UNBRAKO socket set 
screw and a High-Titan UNBRAKO hex 
key. Both products are stocked by author- 
ized industrial distributors. Ask the one 
nearest you for complete information. 
Or write STANDARD PRESSED STEEL Co., 
Jenkintown 9, Pa. 


We also manufacture precision titanium fasteners. Write for free booklet. 
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See ane ate eee — 
E So Re ska ee Bee x 
alti i Na Saas. 


Mr. Auburn says: 


Insulators 
Grommets 
"O” Rings 
Gaskets 


AUBURN 


For a quick and definitive 
solution to design and pro- 
duction problems, call on Au- 
burn’s 85 years of specialized 
experience in engineering ma- 
terials to specific sealing and 
packing applications. Send us 
your prints and specifications 
—you'll get our recom- 
mendations and quotations 
promptly! 


Our extremely wide range of 
materials includes: 


Fibre © Phenolics © Plastics © Teflon 
Kel-F © Fibreglas ©@ Silicone Rubber °* 
Neoprene Rubber @ Leather © Asbestos 
® Cork © Compositions ® Cloth © Paper 
® Cardboard @ Brass © Steel © Copper 
® Aluminum ¢ Other Special Materials. 


THE 
AUBURN 
MANUFACTURING COMPANY 


306-1 Stack Street, Middletown, Conn. 

Representatives: Atlanta, Ga. « Detroit Mich. « St. 
Louis, Mo. ¢ Los Angeles, Cal. ¢ Minneapolis, Minn. « 
Washington, D.C. « New York, N.Y. « Cincinnati, 0. « 
Rochester, N. Y. « Pittsburgh, Pa. ¢ Fort Worth Tex. 
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signed to conform with MIL-T 27 speci- 
fications for humidity cycling. torque 
and bend testing. 

Electrode design is the hook, straight 
wire type. As many as 4 No. 12 wires 
may be joined to the outside hook. The 
pin, made of stainless steel wire with a 
copper core, has a “2 in. OD; core has 
'go-in. diam. 

The 3500-volt type has a maximum 
flange diam of 0.500 in. while the 
mounting hole diam is 0.400 in. 

The 5000-volt type has an 0.600 in. 
OD with an 0.500 in. diam mounting 
hole. Tabs may be joined to each end 
of the electrode for use with snap-on. 
quick connecting clips. Fusite Corp.. 
6000 Fernview  Ave.. 
Ohio. 
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Cincinnati 13. 


TOGGLE SWITCHES HAVE 
SAFETY FEATURE 


Three-position toggle switches have a 
safety catch to guard against accidental 
toggle lever movement. The safety catch 
holds the toggle lever in a “set” posi- 
tion and a pull of approximately 0.109 
in. is required to release the lever for 


movement. The switches are espec ially 
useful in mobile. marine. electronic and 
aircraft equipment. 

One of the switches, designated 
LLIAT, has two basic switching units 
in each assembly; while the other, des- 
ignated LI5AT, has four switching 
units. All switching units have single- 
pole double-throw arrangement. 

Electrical rating: inductive. 10 amp 
at sea level. 6 amp at 50.000 ft: re- 
sistive, 10 amp: motor 6 amp. The 


basic switching units used in the 


Modern Coil Equipment 
PLUS 


Modern Coil Handling 


insure perfection 
in all 


DANO COILS! 


When electronic produc- 
tion calls, Dano Coils an- 
swer with the exact coil 
to your exact specification. 
Regardless of type or quan- 
tity, Dano is fully geared 
in equipment, facilities and 
experienced personnel to 
handle all your coil require- 
ments. 


Specially Treated Coils 
Vacuum Impregnated Coils 
High Temperature Coils 
Encapsulated Coils 
Form Wound Coils 
Paper Interweave Coils 
Bobbin Coils 


Also, Transformers Made To Order 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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A Custom Cable Tree, noineer 


You’re an engineer . . . darn good one too —_ who found themselves hanging 
— yet this custom cable problem has you _ by a cable problem . . . you’re 
way up ina tree! suddenly off the hook! 
But are you discouraged? Well, yes, honestly ' 

_ ’ . Your First Step — 
you are... then you have a flash PHALO 
— Call PHALO Get This Catalog! 


So you do and like so many other engineers 


Commercial and Foster Streets 


WORCESTER, MASSACHUSETTS 
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_ DESIGN ENGINEERS ‘xy shi: 


CONDULETS 


"No matter what type of 


explosion-proof fitting we 


need, Crouse-Hinds has it!’ 


GASOLINE BLENDER CON- 
TROL PANEL built by Proportion- 
eers, Inc. for Shell Products. 


REAR VIEW Panel contains 58 
different types and sizes of ex- 
plosion-proof Condulets—a_ total 
of 715 in all. 


No matter how complicated your electrical con- 
duit layout, you'll find everything you require in 
the Condulet Catalog. There are more than 
15,000 different types of Condulets, plugs, re- 
mationwies * ceptacles, switches, controls, circuit breakers 
DISTRIBUTION and lighting fixtures —for both hazardous and 


onctusively through ordinary locations. 
ELECTRICAL . 


DISTRIBUTORS 

: j For complete freedom in layout design, get 

Registered —— acquainted with Condulets. Product Engineering 
Advisory Service available on request. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse, N. Y. 
Crouse-Hinds Company of Canada, Ltd.: Toronto, Ont. 


|. FLOOD LIGHTS © CONDULETS © TRAFFIC SIGNALS © AIRPORT LIGHTING | 
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switches are listed by Underwriters 
Laboratories, for: 10 amp, 125, 250 
volts a-c; % am, 125 volts d-c; 4 
amp, 250 volts d-c. Micro Switch, Div. 
of Minneapolis-Honeywell Regulator 
Co., Freeport. Il. 
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MINIATURE DUAL SWITCH 


Dual switching feature of miniature 
switch SW 954 is achieved by cap de- 
pression and cap rotation. Pressure on 
cap closes isolated switch. Release of 
pressure on cap returns switch to nor- 
mally open position without affecting 
other switch circuit. 

The second switch is a SPDT switch 
of high capacity and extended service 


life. This switch is actuated by cap 
rotation. 

The unit mounts in a ™%p in. diam 
panel hole and has a 1%g in. overall 
length. 

Rated at 28 volts, 5 amp, the switch 
is furnished with a clear anodic finish. 
Marco Industries Co., 207 S. Helena 
St., Anaheim, Calif. 
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CONTROL CIRCUIT 
TRANSFORMER 


Improved line of control circuit trans- 
formers are available in standard sizes 
from .050 to S5KVA, can handle up to 
1000 per cent inrush current with only 
a 5 per cent voltage drop below rated 
capacity. This enables the specification 
of a transformer size based on _ his 
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When tapes 
must hold at 
high heat... 


you need 


SCOTCH 


Brand! 


*“Scotcn”’ Brand Electrical Tapes with 
Thermosetting Adhesives do everything 
ordinary pressure-sensitive tapes do... 
with these important extras: 


Increased initial adhesion—up to 80% more 
quick-stick on contact . . . gives you faster, 
neater application and more holding power. 
Improved thermosetting properties—during 
cure at 250° to 300° F., a positive chemical 
change takes place which increases the 
bond strength of the Thermosetting Ad- 
hesive ... cures the adhesive into a firm, 
insoluble, infusible bond. 


Longer shelf life—you can stock in quantity 
to handle all your needs...know your 


tape will be fresh and tacky when you 
need it. 


Once cured, Thermosetting Tape holds 
under extreme operating heat without soft- 
ening, preventing throw-out...has high 
bond strength for anchoring leads... re- 
sists solvent action of waxes and varnishes. 
The only electrical tapes combining all of 
these advantages are ‘“‘ScoTcn’’ Brand 
Electrical Tapes with Thermosetting Ad- 
hesives. 


Send for free booklet: i//ustrates applications, 
describes properties of ‘‘Scotcn’’ Brand 
Thermosetting Electrical 
Tapes. Just write on your 
letterhead to 3M Co., St. 


Paul 6, Minnesota, Dept. 
BY-97. 


The first true thermosetting adhesive . . . still the industry standard... 


SCOTCH Electrical Products 


BRAND 


en OOUcT o, 


s 
‘The term “Scorcn”’ is a registered trademark of Minnesota Mining and Mfg. Co., St. Paul 6, Minn. Export Sales Office: GD 


99 Park Ave., New York 16, N. Y. In Canada: P. O. Box 757, London, Ontario. 
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serves you 
better with the best! 


There is a Prestole fastener for nearly every application. 
More than likely, one of the thousands of Prestole’s 
standard-design fasteners will do your job. They are 
readily available from factory stock —-offer the greatest 
cost savings—can be delivered promptly to meet your 
production schedule. 


Or, if your application calls for a special-type fastener, 
Prestole engineers will gladly analyze your particular 
needs without obligation. These fastener technicians 
will carefully consider the problems of cost, assembly, 
torque and tensile strength, material and end-use re- 
quirements. Their recommendations will be based on 
years of experience and “‘know-how”’ in the fastener 
field. 


Prestole designs and produces fasteners made from low 
carbon, spring, and stainless steel, phosphor bronze, 
beryllium copper, brass, and aluminum, etc. Many 
standard and special types of finishes can be provided 
to meet customer specifications. 


Whatever the size, shape, or application requirements 
may be —Prestole can serve you better with the best in 
fasteners of ferrous or non-ferrous materials. 


1) RESTOLE Cnpestion, 


1324 MIAMI STREET ° 
PRESTOLE OF CANADA - OAKVILLE, ONTARIO 


Or, contact your local PRESTOLE representative. 
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sealed volt amp requirements in all but 
a few isolated cases. 

This new line of transformers fea- 
tures diagrammatic name plates, screw 
type terminals, and slotted mounting 
feet for simplified installation and 
mounting. They are varnish impreg- 
nated for protection against adverse 
atmospheric conditions. 

All transformers are given a turns 
ratio, polarity, and high voltage break- 
down test to meet or exceed NEMA 
standards. Hevi-Duty Electric Co., 4212 
West Highland Blvd., Milwaukee 1, 
Wis. 
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HERMETIC METAL FILM RE- 
SISTORS WITH LOW OHMIC 
VALUES 


Commercially available is the Davohm 
Series 850 hermetically sealed metal 
film resistors, featuring extremely low 
ohmic values. These metal film resistors 
have ohmic values as low as 2 ohms in 


14 watt size, 3 ohms in 1 watt size, and 





1 ohms in 2 watt size. These values are 


within +1 per cent accuracy and stable 

The positive temperature coeflicient 
of these resistors is the same within 

20 PPM/deg C for any resistance 
value from 2 ohms to 4 megohms. 

In addition, Series 850 offers low 
noise level. excellent high frequency 
characteristics, a wide temperature 
range and complete hermetic sealing in 
a small size. Since there are no organi 
compounds in this resistor, it will never 
short out or burn up. The Daven Co., 
Livingston, N. J. 
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INSULATING FABRICS FOR 
TEMPERATURES TO 1500 F 


Two types of high temperature insulat- 
ing fabrics for service up to 1500 F, 
are made of “Fiberfrax” ceramic fiber 
(product of the Carborundum Co.). The 
fabrics are available in various widths 
or thicknesses for positive high-tem- 
perature insulation. In addition, they 
are also supplied as instrumentation 


ELECTRICAL MANUFACTURING 





KEEP UP-TO-DATE ON MAGNETICS 


at. 
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Performance-Guarameed + 








TAPE WOUND CORES 


DAR AAA RE Le 
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Here’s the first design manual 
for your work with tape wound cores 


Because engineers have expanded high permeability mag- 
netics into a host of new uses, Magnetics, Inc. has combined 
its new tape wound core catalog with the industry’s first 
design manual. If you and your staff need a working 
familiarity with magnetic equations, characteristics and 
terminology, this 28-page book will be of unusual value. 


This design manual has been compiled under the direction 
of our laboratories. It contains basic units and conversion 
factors, methods of testing (dynamic, El loop and d-c), 
properties and magnetic values of nickel-iron alloys, and 
many pages of curves showing the variation of magnetic 
properties with temperature and of core loss with frequency. 
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This fact-packed catalog and design manual also describes 
in detail the tape wound cores and bobbin cores which we 
manufacture. It will enable you to design around and 
specify the industry’s only Performance-Guaranteed Tape 
Wound Cores. Should your engineering departments feel 
that more than one copy would be of value, please write 
for TWC-200 on company letterhead, giving full names and 
titles. Magnetics, Inc., Dept. EM-40, Butler. Pa. 


Gi @ 
MAGNETICS inc. 


iss 
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SELECT-O-PUSH 
SAVES SPACE 
WITHOUT 
SACRIFICING 


FUNCTION! 


One unit, the Westinghouse Select- 
O-Push, combines a pushbutton 
and selector switch to do the job 
normally requiring two assemblies. 
It cuts panel-front space need 
by half. 


When wired with a standard 
double-pole contact it becomes 
versatile in limited space, freeing 
valuable enclosure area. 


The same attention to detail 
built into all Westinghouse controls 
applies to the Select-O-Push. It 
functions excellently where mois- 
ture threatens. Tight-fitting gas- 
kets, stainless steel shafts, preci- 
sion milling—all help keep out 
harmful liquids. 


A Guide to Contro/ (B-7022) 
will tell you more about Oil-Tite* 
controls. The new 72-page Push- 
button Guide (B-6749) will give 
you information on the complete 
line. Write to Westinghouse, Box 


868, Pittsburgh 30, Pa. *Trade-Mark 
J-30254 


you can BE SURE...iF ITS 
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tapes for both insulation and leak de- 
tection. 

The high temperature instrumenta- 
tion tapes consist of two stranded 
Chromel wires covered with reinforced 
ceramic fiber. When wrapped around 
pipes carrying metallic or radioactive 
fluids, the tape both insulates and 
causes an alarm-sounding short circuit 
in the event of a leak. This tape is de- 
signed to withstand 1500 F for 1500 hr; 
it is flexible enough to be wrapped in 
spiral form around pipe as small as 14 
in. in diam. 

The high-temperature fabrics can be 
treated with silicone rubbers, epoxy 
resins, or they can be impregnated with 
phenolic resin and molded into various 
shapes. If desired, they can be woven 
in tubular form. The Russell Manufac- 
turing Co., East Main St., Middletown, 
Conn. 


Circle No. 564, Reader Inquiry Service Cards 
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WIRE STRIPPER FOR GLASS 
AND OTHER INSULATION 


Wire stripper, Model No. 2068. is de- 
signed for stripping formyar, asbestos 
or glass insulation from ends of heavy 
round or rectangular wire. such as 
those used in medium size armatures, 
rotors and transformers. Length of 
stripped ends can be controlled by ad- 
justable back stop to any length from 
2 up to 24 in. 

Space between 4-in.-diam stripping 
wheels can be controlled and adjustable 
spring allows them to separate when 





wires are inserted between them. Safety 
switch shuts off motors when wheel 
guard is opened. 

Drive motor is rated at 2 hp and dust 
collecting system has its own °4 hp 
motor. Motors are ball bearing, totally 
inclosed and fan-cooled. All electrical 
equipment is designed to conform to 
J.L.C. electrical standards. 

Components are housed in heavy 
steel cabinet mounted on large rubber- 
tired casters with foot locks. The Eraser 
Co., Inc., Rush Wire Stripper Div.. 
1068 S. Clinton St.. Syracuse 4. N. Y. 


Circle No, 565, Reader Inquiry Service Cards 
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ALL MACHINED TO EXACT 


CUSTOMER 


SPECIFICATIONS FROM 








Spaulding Products are adaptable to intricate ma- 
chining operations. They are readily sheared, sawed, 
turned, punched, drilled, threaded, swaged and 
formed. 


Spaulding's fabricating departments are especially 
equipped and staffed to perform these operations on 
these materials. Even the most difficult shapes are 


THE PROPERTIES OF 
SPAULDING MATERIALS INCLUDE 


Great mechanical strength, extremely light 
weight, durability, chemical inertness, 
excellent machinery.qualities, arc resistance, 
deionizing ability and low loss 

electrical insulation. coils, 


VULCANIZED FIBRE: In sheets, rods, tubes 
and fabricated parts. 


SPAULDO: Motor Insulation in sheets, rolls, 
slot cells and other fabricated parts 


turned out quickly, accurately and economically. 


When you need a material with the unique electrical, 
chemical and physical properties combined in the 
numerous types and grades of Spaulding materials, 
you can specify Spaulding with assurance that the 
parts delivered to you will be fabricated to your 
precise specifications. 


WE MAKE AND FABRICATE 


SPAULDING T BOARD: A superior Transformer 
Boord in sheets and fabricated parts 


ARMITE: Thin Insulation (Fish Paper) in sheets, MATERIALS HANDLING PRODUCTS: Factory 
rolls, coils and fabricated parts Trucks, Boxes, Barrels, Trays, etc 

SPAULDITE: (Laminated Thermosetting Plastic) SPAULDING FABRICATING FACILITIES: 
in sheets, rods, tubes and fabricated parts Spauldina’s fabricating facilities for these 






cts are unsurpassed the world over. You 
3ve time and money by letting us do your 


SPAULDING FIBRE BOARD: In sheets ond fab- fabrication. We'll be glad to quote on specific 


ricated parts. 


SPAULDING FIBRE COMPANY, INC. 


jobs without obligation 


310 WHEELER ST., TONAWANDA, N.Y. 


ATLANTA 7, GA. 
1250 South Oxford Rd., N.E. 


BALTIMORE 18, MD. 
2104 North Charles St. 


BERKELEY 9, CALIF. 
1780 Shattuck Ave. 


BOSTON 16, MASS. 
585 Boylston Street 
Boston Area: 


WELLESLEY HILLS 82, MASS. 
44 Washington Street 


BRIDGEPORT 6, CONN. 
2626 Main Street 


CAMDEN 1, N. J. 
227 South Sixth Street 
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SPAULDING BRANCH SALES OFFICES 


CHICAGO 34, ILL. 

7644 West Belmont Avenue 
CHICAGO 25, ILL. 

4770 Lincoln Avenve 
CHICAGO 38, ILL. 

5604 West 63rd Street 
Chicago Area: 

BERWYN, ILL. 

3247 Grove Avenue 

CLEVELAND 20, OHIO 

3494 Lee Rood 
CLEVELAND 16, OHIO 

19035 Detroit Rd., Rocky River 
DAYTON 2, OHIO 

136 So. Ludiow Street 
DETROIT 1, MICH. 

4612 Woodward Avenve 
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FORT WAYNE 6, IND. 
2301 Fairfield Avenue 


LANSING 10, MICH. 
2021 South Cedar Street 


LONG ISLAND, N. Y. 
90-34 Jamaica Avenue 
Woodhaven 21 


LOS ANGELES 15, CALIF 
1325 San Julian Street 
MILWAUKEE 16, WIS. 
8338 West Lisbon Ave. 
Newark, N. J. Area: 
WESTFIELD, N. J. 
113 Central Avenue 


NEW YORK 55, NEW YORK 
384 East 149th Street 


on page 17 


ST. LOUIS 5, MO. 

7247 Olive Street Road 
ST. LOUIS 17, MO. 

1500 Big Bend Blvd. 
SYRACUSE 3, N. Y. 

1206 East Water Street 
TONAWANDA, N. Y. 

310 Wheeler Street 
TORONTO, ONT. 

106 Lakeshore Road, E, 

Port Credit, Ont 
LONDON, ENGLAND 

Spaulding's LTD. 

40 Gloucester Way 

Clerkenwell, London E.C. 1 
PARIS, FRANCE 

Lo Fibre Vulcanisee—Spaulding 

27 Rue Vincent Compoint 
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OR YOUR MONEY BACK! 
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Write for free literature and service 


data sheets or send prints and conditions of operation 


for recommendations and quotations. No obligation. 


tHe Amoucan Crueihle propucts co. 


1365 Oberlin Avenue 
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SNAP ACTION 


with the Curtiss-Wright ‘‘SNAPPER”’ 
Thermal Time Delay Relay 


Computers, broadcast equipment, motors, lighting systems, 
missiles, industrial controls — for electrical circuit appli- 
cations involving time delay that demand unfailing action 
in every control phase, more and more design engineers 
specify “SNAPPER” Relays by Curtiss-Wright. These 
reliable relays eliminate chatter with positive snap action, 
have single-pole double throw contacts and a wide temper- 
ature range (—65° +100°C). Preset time delays from 3 
seconds to 3 minutes are now available in metal envelope 
and from 5 to 60 seconds in glass envelope. Write for our 
new detailed data sheet with complete application in- 
formation. 


Component s0S@ 0 te) OL ib ile) (®) 
Sales - 
Department 


CORPORATION + CARLSTADT, WN. J 
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IN EVERY CONTROL PHASE 





Lorain, Ohio, U.S.A. 





““SNAPPER"’ 
GLASS RELAYS 


—for commercial ap- 
plications, single- 
pole double throw 
snap action. 


MAGNETIC 
AMPLIFIERS 


—custom-designed to 
fit complex require- 
ments for control 
systems. 


“*MEMORY"* 
RELAYS 


—thermally operated 
bi-stable time delay 
relays with two sep- 
orate heater circuits. 








Laboratory 


Engineering 
Equipment 





HIGH-FREQUENCY 
CATHODE-RAY RECORDING 
OSCILLOGRAPH 


Recording oscillograph can record si- 
multaneously up to 16 channels of phe- 
nomena at frequencies as high as 100-.- 
000 cps with exceptional clarity on a 
single 8-in.-wide record. 

Known as the CR-1B cathode-ray re- 
cording oscillograph, the instrument is 
a complete, high-precision recording 
system which includes its own power 
supplies. pre-amplifiers, deflection am- 





plifiers. and recorder. Stable circuitry 
and a precision optical system combine 
to provide drift-free signals recorded 
as traces comparable to those obtained 
on galvanometer-type recording oscillo- 
graphs. 

Eight dual-gun, cathode-ray tubes are 
used. Traces developed across the faces 
of the tubes are sharply focussed by the 
optical system and recorded on photo- 
graphic film or paper. There is actually 
a dual display, with an access door pro- 
viding convenient viewing of the 16 
traces, while the optical system repro- 
duces the traces in sharp focus and 
beams them onto photographic paper 
or film. 

Eight speeds, from 3 in. to 400 in. 
per sec, may be selected through front- 
panel push-buttons, which actuate sep- 
arate magnetic clutches. No gear or 
pulley changes are required. Continu- 
ous 400-ft records can be run, or shorter 
records from 1-50 ft long can be taken 
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Now... 


announces 


a completely new line 
of fractional-HP 
right angle shaft type 


GEARMOTORS 


New, “Smaller and Better” 48 and 56 Frame Century Motors 


Weight reductions up to 1/3 
Gearmotors operate in any position 
Compact design saves space 


Tapered roller bearings on low speed shaft 
Finest rotary face-type oil seal on high speed shaft 
Wide variety of mounting and motor types 


Single reduction AG MA output speeds from 25 to 280 RPM (Double reduction as low as 4 RPM) 








For floor mounting, complete with 
new type 56-Frame totally-en- 
closed, fan-cooled motor. Exter- 
nal fan fully protected by cover. 
Substantial mounting on gear 
housing supports overhung loads 
on shaft. Type SC three phase mo- 
tor shown. Ratings up to % HP. 


New IR 40 with 48-Frame motor 
Gear housing shown is in one of 
eight possible positions. Open 
type single phase capacitor-start 
Type CS motor. Strong welded 
foot assembly and heavy motor 
frame assure smooth operation 
with severe sprocket loading. Rat- 
ings up to 4% HP. 


2 @ = 


Typical special purpose mounting 
to suit driven machine. Output 
shaft is vertical downward exten 
sion, properly sealed against oil 
leakage. Capacitor-start type mo- 
tor has special smooth cover over 
capacitor and terminal connec- 
tions to facilitate cleaning to meet 
sanitary requirements. Ratings up 
to % HP. 





Basic horizontal unit as assem 
bled with 56-Frame open type 
motor. Motor is Type SC poly 
phase. Multi-speed, crane and 
hoist duty and other special types 
available. Note convenient vent 
and filling plugs on gear housing 
Ratings up to % HP 


Call your nearby Century District Sales Office or Authorized Distributor 


... Your best motor investment is Century 


© 
Performance- Rote 


MOTORS 
1/20 to 400 HP 





CENTURY ELECTRIC COMPANY 


18th and Pine Sts. ¢ St. Louis 3, Missouri ¢ Offices and Stock Points In Principal Cities 
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NEW Precision in a Small Package coer gon ela 
film and paper are used. 
DETROIT 


The CR-1B is 48 in. x 65 in. x 27 in. 
and weighs 1500 lb. Consolidated Elec- 
trodynamics Corp., 300 North Sierra 
Madre Villa, Pasadena, Calif. 

Class 4 
Jy one (UL 


Circle No. 566, Reader Inquiry Service Cards 
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A-C ELECTRONIC VOLTMETER 


Battery-operated a-c electronic volt- 
meter has a space-saving all-transistor 





design and printed wiring. Known as 
the Type LOA, it is a compact. portable. 
and lightweight instrument which can 
be carried in one hand. 

Normal warm-up period required by 
vacuum-tube equipment is eliminated. 





since inherent characteristics of transis- 
tors permit instant operation. Absence 


...1f your Precision Snap Switch 
MUSt have : smatt size 7/16” x 17/32” x 1-3/16" « 


High Electrical Rating * Choice of Operating Forces—3 ozs. to 12 ozs. on 
the pin * Compactness for ganging * Wide choice of terminals—solder, screw, 


standard spade, and junior tab. 





Here’s the switch to do the job 


Precision performance and outstanding ance under conditions of shock and up assures stable readings as soon as 
contact life are features of the new vibration. For full information write for the instrument is turned on. 
TyniSwitch. Force and movement are’ Bulletin 270. 
held to very close tolerances. The Sait i | fll ecaln to 800 
patented blade design produces a fast U. L. listed 15 Amp. 125-250 V., ee ) ae eee 
and positive snap-action that is virtually Yo hp. 125-250 V. AC. volts full-scale, within the frequency 
“bounceless,” and dependable perform- of 20 cycles to 500 ke. The instrument's 


large meter swing enables voltage dif- 


of drift caused by vacuum tube warm- 


The voltmeter is capable of measuring 





ferences as small as 0.5 per cent to be 


Class 2 TyniSwitch Class 1 TyniSwitch detected. Dimensions: 6 x 8 x 6 in.: 


ig 5 sctra Div.. Consolidate 
A specialized switch for applications The Class 1 TyniSwitch is unusually weight. > Ib. Alectra a onsolidated 
requiring No. 8 screw terminals. small for a full 15 ampere rated switch. Electrodynamics Corp., 325 N. Altadena 
Mounting bases are either left hand or It also is a versatile design, lending Drive. Pasadena, Calif. 
right hand. itself to special adaptation. Circle No, 567, Reader Inquiry Service Cards 


on page 17 


TEST SET FOR CHECKING, 
ADJUSTING HIGH SPEED 
POLAR TELEGRAPH RELAYS 


Relay Test Set. Model 4501, permits 
5 separate testing and adjustment meas- 









For full information 


urements to be made on_ high-speed 
write for Bulletin 





263-B polar relays of the type commonly used 
in such pulse equipment as computers 
and teletypewriters. 

The tester is useful in relay preven- 
tive maintenance inspections and the 
Quality Protects Your Investment-- adjustment of types with reolaceable 


American-Stardard Quality Is Available At No Extra Cost. 


(R Ztzers:, _ DETROIT CONTROLS 


Connecticut 
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> If you are looking for new ways and means 
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to improve your product, and save money 
too, here’s an idea source guaranteed to 
spark your imagination and give you a 
wealth of hints, tips, and suggestions. 
This 20-page fact-filled STAR catalog 
contains complete descriptive and engi- 
neering data on the full line of STAR Ce- 
ramics ... COMMERCIAL WHITE PORCELAIN, 
NU-BLAC®, THERMOLAIN®, STEATITE, VITRO- 





LAIN®, HUMIDOLAIN®, LAVOLAIN®, and 5606 
REFRACTORY. A big selection chart, com- 
plete with mechanical and electrical prop- 
erties, makes the job of selecting the right 
STAR material for your product a cinch. 

And, that’s not all! There’s a lot more 
information as well...data that you'll 
find of constant value. Like a free copy? 
Send for one today ...we’ll do the rest. 
Ask for Catalog 57. 


the ae. i porcelain company 


California Representatives: 


So. Calif.: Edwin E. Starr, 4101 Rhodes Ave., North Hollywuod, Calif. STanley 7-5879. 
No. Calif.: Thermo Materials, Inc., 44 Encino Ave., Palo Alto, Calif. DAvenport 6-2780. 


41 Muirhead Avenue, Trenton 9, N.J. 
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RCA Traveling-Wave Tubes for Improved Microwave Designs 


Lightweight, Compact Power Types—Need No Solenoid Power 





Featuring integral periodic-permanent-magnet focusing systems, RCA’s new power 
traveling-wave tubes eliminate the need for external solenoid power—make pos- 
sible dramatic advances in physical compactness and weight reduction. 


RCA Dev. No. A-1101...only 2'4 inches in diameter and short enough to mount in 
a standard aircraft ATR-box, this remarkable tube weighs only 12 pounds includ- 
ing the permanent-magnet focusing system! Designed to operate at altitudes up 
to 70,000 feet, the A-1101 delivers about 100 watts at 10% duty factor over the 
range from 2000 to 4000 Mc. 


RCA Dev. No. A-1063...approaching the ultimate in compactness, the A-1063 com- 
plete with permanent-magnet focusing system weighs only 31 pounds...is less 
than 14 inches in diameter! “Plug-in” construction simplifies field maintenance. 
Minimum power output is 10 watts from 2250 to 3750 Mc. 


Low-Noise Types Increase Receiver Sensitivity 
—Eliminate Crystal ‘Burnout’ 


RCA low-noise traveling-wave tubes enable the practical design of rf-amplifier 
and if-amplifier stages for microwave receivers featuring high signal-to-noise ratio 
and increased sensitivity. Crystal “burnouts” caused by TR-tube leakage are elim- 
inated by the isolation afforded by the rf stage. RCA low-noise traveling-wave 
tubes can be made in a variety of designs to meet specific requirements. 


Here are some typical types: 





Frequency Noise 

Range Figure Goin 
RCA Dev. No. A-1056 1215 to 1365 Mc 7.0 db 25 db 
RCA Dev. No. A-1105 2000 to 2500 Mc 7.0 db 25 db 
RCA-6861 2700 to 3500 Mc 6.5 db 25 db 
RCA Dev. No. A-1079 2500 to 4000 Mc 7.0 db 20 db 
RCA Dev. No. A-1088 3500 to 4300 Mc 6.5 db 20 db 
RCA Dev. No. A-1106 5900 to 7400 Mc 7.0 db 25 db 


For details on RCA Traveling-Wave Tubes, call your RCA Field Representative. 


SMD NNN eaeeeeee 
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RADIO CORPORATION of AMERICA 


Electron Tube Division, Harrison, N. J. 
Semiconductor Division, Somerville, N. J. 
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New Beam Power 
9-Pin Miniature Adds a New 
Measure of Performance to 
Compact High-Fidelity Amplifier 
Designs 


RCA-6973...delivers up to 20 watts in push- 
pull class AB; operation in audio amplifier 
service. Distortion at maximum rated power 
output is 1.5%. The compact construction, 
relatively low heater-power requirement of 
6.3 volts at 450/ma and linear operation 
over a wide range of power make RCA-6973 
an excellent designers’ choice for compact 


Hi-Fi amplifiers. 





New Photoconductive 
Cell Permits Direct 

Relay Operation — without 
the use of an amplifier 


RCA-6957...is intended for use in 
street-lighting control and industrial 
light-operated relay applications. Sen- 
sitivity and current-handling capabili- 
ties permit relays to be directly oper- 
ated in many applications — simplify 
circuitry—minimize power-supply re- 
quirements. Spectral response covers 
the approximate range from 3300 to 
7400 angstroms. Maximum response 
occurs at about 5800 angstroms. 
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New Front-End Tubes for 
Medium-Priced FM Sets 


RCA-6DT8, RCA-12DT8... designed 
for rf amplifier and oscillator-mixer 
service—inter-unit shielding of RCA- 
6DT8 and -12DT8 permits FM- 
tuner designs with high voltage- 
gain capability and substantial re- 
duction in antenna radiation 


750 Kilowatts— 
Peak Power Output 
—with power gain 
of at least 100 
offered by new 
RCA Super-Power 
Tube in plate- 
pulsed modulator 
service at 225 MC 


RCA-6952... beam power 
tube, featuring ceramic- 
metal construction—in- 
tended for use at frequen- 
cies up to at least 600 Mc 
as plate-pulsed amplifier 
in applications involving 
Government end use, such 
as long-range search radar 
and pulsed communica- 
tions service. For details 
on this and other RCA 
Super-Power Tubes, con- 
tact your RCA Field Rep- 


resentative. 
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For sales or applications information on the products 
shown, please contact your RCA Field Representative 


3 New RCA “Drift’”’ 
Transistors Now Make 
Practical the Mass- 
Production of All-Transistor 
Short-Wave Receivers 


RCA-2N370 for rf-amplifier, RCA- 
2N371 for oscillator, RCA-2N372 for 
mixer service... first transistors specifi- 
cally designed and controlled for oper- 
ation in short-wave receivers at fre- 
quencies up to 23 Mc. These three new 
“drift” transistors are controlled for 
input and output values and for power 
gain characteristics to give good unit- 
to-unit interchangeability. The new 
units offer advantages of high frequen- 
cy stability and economies in space, 
weight, and battery life 


at the RCA Field Office nearest you 


Equipment Sales: 


+ 744 Broad Street, Newark 2, N. J 


- Suite 1181, Merchandise Mart Plaza, 


Chicago 54, Ill., WHitehall 4-2900 


- 6355 E. Washington Boulevard, 


Los Angeles 22, Calif., RAymond 3-8361 


Government Sales: 


- 415 South Fifth St., Harrison, N. J., HUmboldt 5-3900 
+ 224 N. Wilkinson Street, Dayton, Ohio, HEmiock 5585 
- 1625 ‘‘K"’ St., N.W., Washington, D.C., District 7-1260 


, HUmboldt 5-3900 





Technical bulletins on the following types are avail- 
able from RCA, Commercial Engineering, Section 1-54R 


Harrison, N. J. Please use this coupon 


(2 6861 C— 6957 C6973 CD 6078, 120T8 
Name. Title. 

Company ceibobeieai 

Address res ~ 











it takes IDEAS 
to make die casting 
work for you 


Die casting has to be fast on its feet. 

When specifications point to die casting because of 
the accuracy, uniformity, and speed of the process . . 
and then some factor goes beyond the normal limitations 
of die casting . . . that’s when ideas are important! 

Ideas were important when Twin City Die Castings 
engineered the dies and cast this cap. A bayonet-type 
lock called for an undercut. 

If ideas are important to your business, write, wire 
or phone Twin City Die Castings Company the next 
time you design for die casting. Twin City ideas pay off 
for many customers, in many ways... help everybody 
to stay fast on their feet. 


...only DIE CASTING can 
|} cut your costs |“ offer such flexibility 
lM provide such accuracy 


L cactig Die Catt, wi the Cyprer Mlle. 
TWIN CITY DIE CASTINGS CO. 


3351 TALMADGE AVE. S. E. e MINNEAPOLIS 14, MINN. e PHONE MI 6-7528 
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or adjustable parts. The 5 operations 
it performs are: measurement of trip 
or operate currents manually ; automatic 
indication of trip currents, for making 
adjustments; measurement of contact 
bias: and percent-break. under various 
operating conditions. Also: application 
of 500 volt a-c hipot between coils 
and frame. 

All tests except hipot may be made 
on either or both coils of dual coil 
relays. Hipot is applied to both coils 
simultaneously. 

Terminals are also provided for con- 
necting an external drive directly on 
coils, and for connecting an oscilloscope 
for observing contact performance dur- 
ing bias and break tests. 

Other features: standard relay rack 
or separate case mounting; regulated 
d-c power supply: all controls, indi- 
cators and terminals on front panel: 
limitation of exposed voltages to sate 
values; accessible construction for easy 
servicing. Sigma Instruments. Inc., 60 
Pearl St., S. Braintree 85, Mass. 


Circle No. 568, Reader Inquiry Service Cards 
on page 17 


IMPULSE MAGNETIZER 


Small powerful impulse magnetizer. 
producing up to 60,000 ampere turns in 
suitable fixtures. is designed to mag- 
netize ceramic ring magnets up to 2 in. 
OD, with two or more poles on the ID. 
Peak current in a single turn is more 
than 4000 amps. The magnetizer is also 
suitable for many other types of mag- 
nets. 

Special high-capacity capacitors. de- 
signed for direct short-circuit discharge. 
are used; provision is made to dis- 
charge from any voltage between 180 
volts and 420 volts d-c. This feature 
makes it also possible to demagnetize 
ceramic magnets in the normal mag- 
netizing fixture by reversing the polar- 
ity and using a lower impulse. G. R. 
Hennig, 157 S. Morgan Boulevard. 
Valparaiso, Ind. 


Circle No. 569, Reader Inquiry Service Cards 
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Postpaid return cards are provided 


in the Reader Inquiry Service in- 
sert on pages 17 through 20 as a 
convenience to the reader in ob- 
taining further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 


Advertised Products 
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RELIABLE 
Chassis Connes 
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Faster Inspection... Faster Testing... _ 
Faster Servicing...Maximum Interchangeability 





Cannon offers you more than 18 different basic des 

chagsis connectors ...designed with all the latest fez 
accurate alignment, easy mating, proper connection, 
sealing where desired. 


Select the connector you want in standard, miniature, or sub-mit 
ture sizes... for standard circuitry or printed circuitry. Up to 156 con- 
tacts...and a great number of combinations of contacts for control, 
audio, thermocouple, co-ax, twin-ax, and pneumatic connections. in 
single- or double-gang. Some with shells, some without... all ruggedly 
constructed to take the many ‘‘in’’ and ‘‘out’’ operations of rack, panel, 
chassis, and sub-assembly applications. Special moisture-proof types. 
Standby units featuring gold-plated contacts to withstand deteriora- 
. tion and corrosion. 


For an interesting discussion of the broad subject of ‘‘Reliability,"’ write 
for Cannon Bulletin R-1. 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 
31, California. Factories in Los Angeles, Salem, Mass., 
Toronto, Can., London, Eng., Melbourne, 
Austl. Manufacturing licensees in Paris and 
Tokyo. Representatives and distributors in ert 
all principal cities. Please refer to Dept. 500. = 


ANS ToL 
4 
For reliability in your rack: panel-chassis connectors...connect with |) Lu } he 5 


Cannon! Write for Bulletin DP-10 and DP-101 Supplement. 
WHERE RELIABILITY 


IS THE 5™ DIMENSION 





Literature 
for the Design Engineer 


{ll-new listings of manufacturer's literature just off the 


press °° 


. including catalogs, manuals and other reference 


publications relating to components and materials for 


designed-in use in electrically energized end products. 


WIRE AND CABLE—Typical of the 
wide range of wiring cable products de- 
scribed in a new 74 page catalog are 
appliance wires Types TG and TAA, 
available in sizes from 18 to 10 AWG. 
High temperature insulation is avail- 
able with Teflon primary and _ glass 
braid or in conjunction with asbestos. 
Conductors may be copper, nickel clad 
copper or nickel. Additional pages de- 
scribe control cable; radio and instru- 
ment hook-up wire; Canadian range 
wire; and apparatus or motor lead 
cable. Alphabetical index is a page in 
length. Continental Wire Corp. 

Circle No. 621, Reader Inquiry Service Cards 

on page 17 

ELECTRICAL BOXES AND CABINETS 
Cast metal junction and pull boxes; 
conduit boxes; hinged cabinets and ex- 
plosion-proof housings these are 
among the styles of electrical boxes 
and cabinets described in a new 24- 
page catalog. General information and 
brief descriptions for the various types 
are provided. Spring City Electrical 
Mfg. Co. 

Circle No. 622, Reader Inquiry Service Cards 
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KEL-F DISPERSION COATING SYSTEM 

Advantages of halofluorocarbon dis- 
persion coatings for industrial corro- 
sion control, and other applications, are 
described in a 4-page booklet on Kel-F 
brand dispersion coating system. In- 


formation is given on chemical resist- 


246 


ance, thermal stability, toughness and 
flexibility. as well as on abrasion re- 
sistance. dielectric strength and other 
properties and characteristics. Most 
metals that can stand temperatures of 
475-515° can be coated, with the ex- 
ception of copper and high copper- 
bearing alloys. Application of nickel, 
silver, cadmium and lead-tin alloy coat- 
ings permit copper to be successfully 
coated. Minnesota Mining & Mfg. Co. 
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HEAT-STABLE SILICONE GREASE —Ff- 
fective lubrication from 140 to 400 F 
is among the advantages described in 
a 4-page brochure on Dow Corning 
14 Grease. Developed originally for 
high-speed, high-temperature bearings. 
the grease exhibits resistance to oxida- 
tion that lifetime 
lubrication for sealed bearings in wash- 


assures practically 


ing machines, electric razors and othe 
appliances. These, plus a variety of 
heavy-duty industrial applications are 
discussed and illustrated in Brochure 
6-209. Dow Corning Corp. 
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A-C ELECTRIC HEATER PANELS FOR 
CONTROLLING ELECTRIC OVENS 

Complete listings of a-c electric heater 
panels for control of electric ovens and 
furnaces are described in a new bul- 
letin. Instrument Control listings pro- 
vide the conventional control of heater 
loads by temperature-sensing devices. 


With Input Controller devices, the 
contactor is called upon to operate at 
a predetermined rate of time-on, time- 
off to maintain temperature. Complete 
details in Catalog 57-S3. 
Switch Co. 
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Automatic 


CAPACITORS 
ence, 82-page catalog describes a range 
of capacitors that include many types 
for original equipment. including ce- 
ramic-encased tubular capacitors with a 
Mylar polyester film dielectric. Other 
models available: ceramic-encased tubu- 


Tabbed for easy refer- 


lar capacitors with paper and wax di- 
electric and tubular 
capacitors with paper and wax dielec- 


tric. Additional pages are devoted to 


paper -encased 


metal-encased bathtub-type capacitors, 
metal-encased models and 
round metal-encased motor mount ca- 
pacitors, among Electrical 
Utilities Co. 
Circle No. 626, Reader Inquiry Service Cards 
on page 17 

ELECTRONIC COMPONENTS 
wave filters; magnetic amplifiers; high 
() coils—these are among the items 
illustrated and described in a new 
catalog. Additional data are provided 
on transformers and reactors. Special 
filters are available: low-frequency 
high Q coils that automatically seal 
to conform to MIL-T-27A can be 
Miniature 


oval-type 


others. 


Electric 


obtained. wide-application 
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whatever 


the job... 


© Self-sticking ® Heat-curing 


aaah Aizcisee eee Permacel Tape Corporation, New Brunswick, N. J. © a (ufwenalfohwon company 
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SHOWN FIVE TIMES ACTUAL SIZE 


This flea-like component for an electronic tube socket 
was all that stood between the manufacturer and a 
good-sized contract. Before acceptance, however, the 
part had to undergo a rigorous manual test prescribed 
by the Army Signal Corps, and none of the metals 
tried by the manufacturer would measure up! 


Miller technical people went to work to find the an- 
swer, and quickly developed a specially treated phos- 
phor bronze alloy that enabled the manufacturer to 
pass the test with flying colors! It combined rigidly 
controlled grain size, elongation in excess of 10% and 
still retained a remarkable tensile strength of 100,000 
pounds per square inch! 


Miller quality phosphor bronze, coupled with expert 
personal attention, helped save this order. And per- 
haps we may soon have the opportunity to perform a 
like service for you. Remember: at Miller, Phosphor 
Bronze is the main line—not a sideline. 


THE MILLER COMPANY «+ MERIDEN, CONN. 
ROLLING MILL DIVISION 


Ambul d Cuilily /syohor Dronge 
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pulse transformers and a line of audio 
units are among other items for which 
data are provided. United Transformer 
Co. 
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ALL-METAL MACHINERY MOUNT 
Dimensions and mounting recommenda- 
tions for Adjust-O-Mounts are contained 
in 4-page Bulletin No. 2000. Available 
are two models. Load ranges for each 
of them are provided; applications in 
clude punch presses. milling machines 
bobbing machines and lathes. Robin 
son Aviation, Inc. 
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MOLDED FIBER GLASS —-Texts) and 
illustrations of a 16-page catalog de 
scribes the mechanical and chemical 
properties of fiber glass reinforced 
plastic s. Shown are the molding 
process. advantages and limitations of 
Molded Fiber Glass, together with ap 
plications in electrically operated equip 
ment. Design considerations — are 
discussed and illustrated; — typical 
products—such as fan blades—are 
shown in the series of case history. Ap- 
plications of fiber glass reports plastics. 
electrical sheet are reviewed. Molded 
Fiber Glass Co. 
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FREE MACHINING, HIGH MANGA- 
NESE, CARBURIZING STEEL Revised 
bulletin on a free-cutting, carbon 
manganese, case-hardening steel points 
out improvements in mechanical prope! 
ties achieved in the product sold under 
the trade name of Rycase. Technical 
bulletin 14-8 points out its suitability 
for a variety of products including 
gears and other components shown. 
Joseph T. Ryerson & Son., Inc. 
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SPEED REDUCERS —Strait-Line Relia- 
bility, rigid east iron housing and alloy 
steel heat-treated gears are among the 
construction features of a line of speed 
reducers pictured and described in 
Bulletin 5616. Series of tables provide 
complete specifications on available 
units. Western Gear Corp. 
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ELECTRICAL STEEL—-Revised blue data 
sheet on Electrical Steel 4750 devoted 
its 20 pages to detailed information on 
an iron-nickel steel described as having 
36 to 78 percent nickel, with balance 
iron. By controlling the nickel content, 
steels can be obtained which range 
from practically nonmagnetic to those 
having maximum obtainable permea- 
bilities. Brief notes are provided on 
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DESIGN ACHIEVEMENTS with SUPRAMICA%* ceramopiastics 
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OVER 1000 HOURS SATISFACTORY OPERATION 


AT 1200 RPM 


CUSTOMER EVALUATION TESTS DEMONSTRATE RELIABILITY OF 
MYCALEX TM TELEMETERING SWITCHES 


Mycalex* TM commutation switches with SUPRAMICA ceramo- 
plastic commutator plates have introduced a degree of accu- 
racy and sustained dependability never before approached in 
telemetry. Evaluation tests show completely satisfactory per- 
formance for more than 5500 hours at 600 rpm, with unat- 
tended life in excess of 1000 hours. Exhaustive testing under 
severe conditions demonstrates consistent noise level perform- 
ance as low as 0.2% peak-to-peak of signal into a 500 ohm load. 
ohm load. 

Where warpage of only .0002” of the commutator plate will dis- 
tort and destroy the value of the signal, these precision switches 
withstand extremes of temperature, altitude, shock and vibra- 
tion and deliver a clean, unvarying pulse. 


MYCALE X 


CORPORATION OF AMERICA 


EXECUTIVE OFFICES 
30 ROCKEFELLER PLAZA 
NEW YORK 20. NEW YORK 


GENERAL OFFICES AND PLANT 
CLIFTON, NEW JERSEY 


CHICAGO - 
WASHINGTON — MIA?! 


Such accuracy and dependability depend on painstaking pre- 
cision workmanship, and commutator plates with total dimen- 
sional stability. SUPRAMICA ceramoplastics have thermal ex- 
pansion coefficients comparable to most insert metals, assuring 
tight bonding and permanent anchorage of contacts. High 
dielectric strength, radiation and arc resistance, low electrical 
loss, and thermal endurance as high as 500 degrees C. (932°F.) 
are also provided. In military and industrial applications, 
Mycalex TM commutation switches with SUPRAMICA ceramo- 
plastic commutator plates are making significant contributions 
to the reliability and durability of electronic equipment. 

Write for complete technical information. 


*MYCALEX and SUPRAMICA are registered trade-marks of Mycalex Corporation 
of America. 555 is a trade-mark of Mycalex Corporation of America. 


LOS ANGELES — DAYTON 








When to specify 
VULCAN ELECTRIC 
TUBULAR HEATERS 


1. When application is for: 
Considerable heat — _ confined 
space. Straight or formed in variety 
of shapes for liquid, gas or metal 
heating applications. For casting 
into iron or aluminum. With threaded 
fittings for liquid immersion heat- 
ing (water, oil, etc.). 

2. When specifications call 
for: Length — 10” to 148”; diam- 
eter — .250”, .280", .333”, 
.450”; wattage — 10 to 10,000 
(or higher); voltage — standard 
115 or 230, special 6 to 440; 
sheaths — copper, steel, high tem- 
perature alloys. 

3. When you have “hot” 
problems: Vulcan Engineers are 
ready to provide special heating 
units — engineered to your needs. 


NEW FINNED 
TUBULAR HEATERS 


Finned Tubular 
Heaters provide six times as 
much radiating surface as stand- 
ard tubular heaters. Fin is spirally 


Vulcan’s new 


edge wound from continuous 
strip of steel, then silver brazed 
to surface of sheath. Heaters can 
be formed at factory into one or 
a series of hairpin bends. 


Write for free catalog. 


YULEAN) 


ELECTRIC COMPANY 
DANVERS 2, MASS. 
Cartridge « Strip « Tubular « Immersion Electric 


Heaters . Soldering and Branding Irons 
Solder and Glue Pots 
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the curves provided, with a note to 
explain the plotting of magnetization 
curves on trilinear logarithmic coordi- 
nate paper. Allegheny Ludlum Steel 
Corp. 
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CERAMIC MAGNETS IN MOTOR DE- 
SIGN—External house organ reprints 
an article that originally appeared in 
ELECTRICAL MANUFACTURING on the ap- 
plication of new oriented and non- 
oriented ceramic permanent magnets to 
small d-c motor design. Appearing in 
the July-September issue of “Applied 
Magnetics.” the article points out that 
the new ceramic magnets require differ- 
ent design approaches from those de- 
veloped for alnico magnets. The Indi- 
ana Steel Products Co. 
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PLASTIC ROD AND SHEET FOR ELEC- 
TRONICS——Technical data and order- 
ing information on each of a line of 
rod and shee: plastics for electronics 
are provided in a 17-page file-folder- 
type brochure. Included are Stycast Hi 
K. adjusted dielectric constant plastics: 
Stycast Lo K. low loss and low dielec- 
tric constant stock: Eccostock. specialty 
epoxide materials. Also provided is in- 
formation on a_ series of foams and 
absorbers both in rod and sheet form. 
Emerson & Cuming. Ine. 
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“HOW TO TAKE STEP SEVEN” Stories 
of two sound slide films, “How to Make 
a Motor Go... and Go. and Go, and 
Go.” and “How to Take Step Seven.” 
are told pictorially with a minimum of 
text in two new bulletins. While appli- 
cation is upon maintenance, useful over- 
all reference material is provided for 
those concerned with design engineer- 
ing. Allis-Chalmers Mfg. Co. 
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VIBRATION ANALYZERS What you 
can do about vibration, and how a line 
of products solve vibration problems 
these are among the topic s discussed in 
an illustrated pamphlet listing some 
users of IRD equipment. Essentials of 
the vibration analyzers are shown and 
described. International Research & 
Development Corp. 
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DIGITAL-TO-ANALOG CONVERTER 

All-electronic digital-to-analog convert- 
er, Model 1002 Decoder. provides high 
speed conversion of digital data to 
analog output voltages. Illustrated two- 
page sheet points out suc h advantages 
as 200,000 ten-bit codes per second; 
drift-free operation; rack mounting; 


Stuck on Your 
Plastics 
Molder? 


If you're getting everything — engi- 
neering help, long experience you can 
count on, delivery, price — from your 
present source, you're wise to stay 
with it. We enjoy the confidence and 
continued business of many 
manufacturers. 

But if you feel that you are stuck with 
your present plastics molder, it’s time 
to turn to K & J for the service you 
have a right to expect and the top 
value from your molding dollar. Get 
the full story in our brochure, “‘A 


Service to Users of Compression 
Molded Plastics’’. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N. J. 
Represented by 
S.C. Uliman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 


Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 
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The nylon collared Elastic Stop nut 
Never 


damages bolt threads! 


The nylon locking insert yy’ will not seize threads, gall or remove plating 


The red nylon locking collar is an integral part of an 
Elastic Stop nut. Undersize in diameter in relation to 
standard bolt tolerances, this insert grips the entering 
bolt threads with strong, smooth nylon fingers that 
dampen impact loads and resist turning under the most 
severe conditions of vibration or shock. The perfect fit 
between bolt threads and the locking collar also serves 
to seal off internal bolt and nut threads and to protect 
them against corrosion. Furthermore the nylon insert is 
impervious to gasolines, oils, salt atmospheres, cleaning 
compounds and common acids. The remarkable wear 
resistance of nylon plus its elastic recovery makes Elastic 
Stop nuts reusable through more than a hundred on and 


off ( \ cles. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


also maker of the Aout 


/ 


*The Red Locking Collar is a 
Registered Trademark of ESNA 


SEPTEMBER 


Because an Elastic Stop nut is a one-piece unit it is 
less expensive to install than castellated nuts and cotter 
pins, or double nuts. Equally important, it is a stop nut 
that locks at any position on the bolt without requiring 
secondary “safety” devices; it is simple to adjust pre- 
cisely—it is easily wrenched off or readjusted. Elastic 
Stop nuts have been used by American industry since 
1930 to solve the toughest applications on railroad, 
automotive, earth moving and farm equipment, as well 
as on all types of electrical machinery. 

Elastic Stop nuts are available in sizes ranging froma 
watchmaker’s 0-80 through 3” 
finishes and materials including carbon and stainless 
steels, brass, duronze and aluminum. 


, and in many standard 


ee ee ee ee ee ee ee 


Elastic Stop Nut Corporation of America 
Dept. N27-922, 2330 Vauxhall Road, Union, N. J. 
Please send me the following free fastening information: 


ELASTIC STOP 
nut bulletin 


_] Here is a drawing of our product. What 
self-locking fastener would you suggest? 

Name 

Company__ 

Street 


ee 
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Gear-operated 
TYPE JR 


TYPE JR 


TYPE AF TYPE HT 
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When you need a SPECIAL switch. . . 


ESCO standard, uniform components can be assembled to meet your 
requirements: or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another 


These standard switches can be modified to fit your application: 


@ TYPE A up to 8 _ positions, sections maximum, detent- 
mechanism, rating 5 amperes 125 volts a-c/30 volts d-c 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400 cps, per MIL-S-6807. 
TYPE P Multi-section, up to 4 positions, snap-action, rating 10 
amperes 125 volts a-c, 5 amperes 125 volts d-c, 30, 60, 100, 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291. 
TYPE JR up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c 
TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 
action or snap-action, rating 30 amperes at 230 volts a-c 
TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 
rating 5 amperes at 125 volts a-c 
Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 
volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096, and 
9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 

-250 volts d-c 


Write for data sheets or catalog on ESCO rotary multipole switches — 


or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(BS ESCO of WEYMOUTH 
COQ ELECTRO SWITCH CORPORATION 


Weymouth 88, Massachusetts 
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and other design advantages. The De- 
coder consists of ten diode gates (for 
high-speed switching), a precision re- 
sistor network, and a voltage summing 
amplifier (with high gain and large 
negative feedback). Avion Div. ACK 
Industries, Inc. 
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MOBILE D-C HIGH POTENTIAL 
TESTER Mobile d-c Hypot is the 
subject of Bulletin 5-1.1, which presents 
such applications for the unit as d-« 
high potential testing for dielectric 
strength; H\ 
and dielectric absorption of materials 
and components. Pointed out are the 
advantages of d-c high potential test- 


insulation resistance; 


ing on larger electrical equipment. As- 
sociated Research, Inc. 
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MOTORS AND DRIVES—Fighit-page 
booklet described in photos and cap 
tions complete lines of a-c and d- 
motors, gearmotors, motor-generator 
sets and motor controls. Also available 
are complete packaged mechanical and 
electronic adjustable-speed drives. Bul- 
letin A-2501 points out such designed 
advantages in the a-c motors as _ slot 
cell insulation of double-backed Mylar 
and regulation of grease flow to bear- 
ings by metering plates. Industrial d-« 
motors include drip-proof, splash-proof 
and totally- enclosed models. Reliance 
Electric & Engineering Co. 
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HIGH-VOLTAGE RESISTORS 


tion and specification data on composi- 


Applica- 


tion-film-type high-voltage resistors are 
given in Bulletin G-lb. High ohmic and 
probe models are available. Installation 
data and mounting means are among 
additional subjects reviewed. Inter- 
national Resistance Co. 
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RELAY TEST INSTRUMENTS Designed 
for the accurate testing, calibration and 
coordination of relays, Series 1004 port- 
able relay test instruments consist of 
five models. Five-page brochure, Data 
Sheet 167, provides complete spec ifica- 
tions, block diagrams and photographs. 
\ selector chart is included. Multi- 
Amp Corp. 
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ELECTRIC BRAKE More braking 
power in less space is a feature claimed 
for the new Series E brake described 
in an illustrated catalog. The brake 
depends for braking torque on one or 
more rotating friction disks, spring- 


loaded between two or more stationary 
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ISOLASTANE 
TUBING and TAPE 


—for continuous perform- 


RESISTANT Meluwiacu creo 
to 150°C 


— for sharp bends 
and irregular 
surfaces 


KE isovastane is Natvar’s new elastomeric 
isocyanate type coating for Fiberglas braid 


and tape. Registration pending. Natvar Isolastane is now making important savings possible. It makes it un- 


necessary to use expensive Class H materials to solve temperature problems 


‘ f during the manufacture of products which do not require Class H rating. 
Missi 


Isolastane is outstanding in its 
Natvar Products @ ELASTICITY (EXTENSIBILITY) @ TOUGHNESS AND ABRASION RESISTANCE 
Varnished cambric—cloth and tepe @ RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH 

astaiailtail tmcaaiha: aes dda @ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY 
Varnished silk and special rayon @ RESISTANCE TO SOLVENTS, @ FUNGISTATIC QUALITIES 
Varnished—Silicone coated Fiberglas INCLUDING THE ASKARELS 


Varnished papers—rope and kraft @ ADHESION TO GLASS 
Slot cell combinations, Aboglas © 


Isoglas® sheet, tape, tubing and 
sleeving 


Full technical data and samples are at ailable on request. 


Vinyl coated—varnished—lacquered 


tubing and sleeving 

Extruded vinyl tubing and tape Cc © R P oO R ATI ON ae 
Styroflex” flexible polystyrene tape 

Extruded identification markers 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


TELEPHONE CABLE ADDRESS 
Ask for Catalog No. 23 FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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Industrial 
DC power supply 
~ 125 volts DC 


| 10 amperes continuous 


Model GFA $495 Net 


New ... all-purpose model with high efficiency germanium rectifiers. . 
Less than 1° ripple at top load 


Continuously variable DC voltage from 0-125. Regulation: 12% no-load to 
full-load above 100 volts 


Special combination voltage regulating and filtering circuit 
Choke input and Pi-type filters 

Heavy duty line isolation transformer 

D’Arsonval-type full view 4!2” meters, 2% accuracy 


Model NFB DC power supply. 0-32 volts, 15 amperes. Less than °4°% ripple 
at top load. 


Rlectro ELECTRO PRODUCTS LABORATORIES 


ae 4501-M North Ravenswood, Chicago 40, Ill. 
MORE DC POWER 
pw tt Canada: Atlas Radio Ltd., Toronto 


Send for new Bulletins 


ee 


HOUR METERS TAKE AWAY THE GUESSWORK 


Beat down-time on production equipment! Maintenance record systems are of value 
only when they are based on accurate operating time. The Hobbs Hour Meter 
furnishes the time data essential for a genuinely effective maintenance program 

. and time information vital for cost and production records. Compact and easy 
to install on any equipment operated by alternating current. Ruggedly built... 
sealed against dust and moisture. Easy to read. 


@ Write for Catalog AC-587 for complete information. 


ty) ne Hobls CORPORATION A] 


2078 YALE BLVD. SPRINGFIELD, ILLINOIS 
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disks. The brake is released by energiz- 
ing an electromagnet of which the ad- 
jacent stationary disk is the keeper. 
Star-Kimble Industrial Motor  Div.. 
Safety Industries, Inc. 
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ELECTRONICS FACILITIES Illustrated 
l-page brochure points out the capabili- 
ties of a company for rendering the 
following services in electronics and 
related engineering: Research and 
Development; Design of Equipment 
and Systems: Production Engineering: 
Building of Pilot Models; and Short- 
Run Production. Typical projects on 
which work is in progress are briefly 
reviewed. Typical items produced are 
shown. Strand Engineering Co. 
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CONSTANT-VOLTAGE D-C POWER 
SUPPLIES——-Designed tor intermittent. 
variable, pulse, or high amperage 
loads, the constant-voltage d-c power 
supplies described in a new brochure. 
combine makers Constant Voltage 
Transformer, germanium power recti- 
fier, and high-capacitance filter for 
compact size, low weight. and other de- 
sign advantages. Schematic diagrams 
and other illustrations are included, 
and the theory of operation of the unit 
is reviewed. Sola Electric Co. 
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GENERAL UTILITY STAINLESS STEEL 

Information on 430 general utility 
stainless steel is provided in a 26-page 
book. Coverage of Type 430 includes 
physical properties and analysis, corro- 
sion resistance, surface characteristics. 
and fabrication. Application and other 
data are also provided. Thinness con- 
trol and other pertinent considerations 
are also reviewed. Washington Steel 
Corp. 
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SHORT-RUN NYLON PARTS —Use of a 
special Process N offers to the small- 
quantity user of nylon parts. products 
which compare in cost with those 
usually charged for longer runs. Four- 
page brochure points out how this new 
process overcomes the drawbacks of 
conventional molding for short-run 
nylon parts with regard to tooling 
costs, set-up charges and family molds. 
Nylon Molded Products Corp. 


Circle No. 646, Reader Inquiry Service Cards 
on page 17 


SELF-LUBRICATING BEARINGS —-Com- 
position and average physical proper- 
ties of stock self-lubricating bearings 
are given in an_ illustrated brochure 
describing plain cylindrical, flanged, 
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IN BUSINESS MACHINES, 


GS havomitel STANDS OUT 


® These machines are encased 


. 


é 


® 
s 


* 


« 


in Sharonart*—the popular 
rolled-in surface pattern steel. 
Sharonart* is one of many steels 
developed by Sharon engineers 
during the past half century 

to help the Business Machine 
Industry make products look 


better, work more efficiently and 
last longer. 
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*To change the style— change the stee/ 


to Sharonart* Literature and sample kits 
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upon request. Sharonart* is a trademark of 


the Sharon Steel Corporation 


eeeeoeneee 


- 
= ; 
* 


Simeeeeeneeeeere ee? © 
Mee eepeeeeeeeee es? ° 


Meeeweeneeeseeere? © 


= 


Mieweeeoeeeeseeerees © 


Dee eeeecegececeoeeoeoere © 
Dijeeeeeeeeqeeeeeee° 9 
meee eesweees eee? 


a 


For 56 Years 


SHARONSTEEL a Quality Name 


in Steel 
248 
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SHARON STEEL CORPORATION, SHARON, PENNA. 
CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, SEATTLE, MONTREAL, TORONTO 





How many of these properties 


Split-proof, chip-proof croquet balls and other molded 
lucts as well as board are produced trom wood 


particles bonded with Durez resins 


Cements and mortars based on Durez resins 
rve for bonding acid-proof brick in tanks, vats, and 


floors of industrial plants 


As the bonding agent in brake materials, the resin 
oves general wearing qualities and coefficient of 
triction. Linings acquire resistance to heat, water, 
and grease from the resin 


Vulcanization of nitrile rubbers and substantial gains 
n end-use qualities result from compatibility of Durez 
resins with the rubber. Resins serve also to plasticize and 
increase hardness and wear resistance in GRS stocks. 


all readily 


available 


ELECTRICAL 


in 


MANUFACTURING 





could benefit your 
PRODUCT or PROCESS 


In radio and TV components Durez resins s« 
t 
thermosetting binders, insuring uniform resistance 
extremes in humidity and heat 


Foundries produce castings in shell molds of sand 
nded with Durez resin having a hot strength sufhcient to 
withstand the heat of the metal during solidification 


DUREZ PHENOLIC RESINS 


FOR DESIGNERS AND ENGINEERS secking a bonding, impregnating, or 
coating agent with the ability to impart important end-product characteristics, Dure 
phenolic resins have many interesting possibilities. 


THESE SAMPLES ILLUSTRATE some of the widely varied roles they are 

now playing in industry. The mechanical strength of these resins and their hardness 
when cured are combined with remarkable pemgenies of resistance to 

chemical reaction and to heat. Dielectric strength and power factor qualify 

them for numerous electrical applications. 


THE MOST DESIRABLE type and form of Durez resin for any purpose iS 
determined by the processes which will be used, and the avail ible conditions of 
temperature and pressure in addition to the end-product properties required. 


OUR COMPREHENSIVE BOOKLET on the performance of phenolic 
resins in industry has recently been published in a new edition. For a free copy 
please write on your letterhead for ‘““Durez Industrial Resins.’ 


Plastics and Resins that Fit the Job 


DUREZ PLA'STICS DIVISION byte 


CHEMICALS 
HOOKER ELECTROCHEMICAL COMPANY pein 


1309 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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* PLATINUM * PALLADIUM * RHODIUM © IRIDIUM OSMIUM * RUTHENIUM * GOLD ~ SILVER * 


.. | sitveR POWDERS | 


; 99.99 + % PURE 
° ze 2S j 


UNIFORMITY CONTROLLED 
FOR TROUBLE-FREE 


SINTERED CONTACT 
PRODUCTION 


a eae Oe 


APW high-reliability silver powders elim- 

inate the major cause of complication in 

sintered contact manufacture. For smooth, 

uninterrupted production, rely upon the SILVER-PALLADIUM ALLOYS 

high degree of uniformity that is a war- 

ranted feature of our silver powders. 
APW processes assure precise conform- 

ity to your specifications and absolute uni- — eo 

formity through full series of production ee aes 

batches. Each stage in our process is close- SILVER ANODES 

ly controlled to critical standards of uni- (Extruded or rolled) 

formity—each batch is lab tested as well— 

certified for bulk density, flow, purity and 

screen analysis. i eae 
Here, facilities for the production of SILVER STRIP 

silver powders, wire and strip made from 

sintered mixtures to your specifications are 

modern and extensive. Service is excellent. er ee 


SILVER ALLOYS TO 
ENGINEERING SERVICE; specomeanen 
Do call or write if you would like fur- 

ther information or engineering assistance. 


We will be very pleased to hear from you 
and to offer our services. * * 


SILVER POWDERS 
(Up to 99.99% pure) 


SILVER SINTERED METALS 


SILVER FOIL 


Established 1875 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVENUE © NEWARK 5, NEW JERSEY 


ENOCOELANARO /NOUS TRAE SS 
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and self-aligning spherical types. A 
range of more than four hundred sizes 
is carried in stock at all times. Lu 
bricant is contained in the pores of the 
bearing and is meted to the shaft when 
it is in motion—reabsorbed when the 
machine is at rest. Johnson Bronze Co. 
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ROLLER-LEVER BASIC SWITCH —A low 
pretravel. high overtravel. roller-lever 
actuator basic switch is the subject of 
a one-page data sheet. The switch has 
an operating position stability inherent 
in the design. Applicctions suggested 
include use on control mechanisms 
such as radar units, precision machine 
tools and other applications involving 
constant precision actuation with little 
variance in operating point. Contact 
arrangement is single-pole double- 
throw. Operating force is 12 oz max. 
Release force is 4 oz max. Micro 
Switch Div.. Minneapolis-Honeywell 
Regulator Co. 
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BIMETAL STRIP THERMOSTATS Sub- 
ject of two-page bulletin are Type W 
bimetal strip thermostats for use in re- 
frigerators. rectifier fans. electronic 
and avionic devices. as well as indus- 
trial apparatus requiring sensitive. pre- 
cise control of high-wattage heater 
loads. Punched for insertion in stand- 
ard three-ring binders, the bulletin de- 
cribes operating principle. ratings. con- 
struction details. dimension and avyail- 
able terminal arrangements. Stevens 
Manufacturing Co.. Inc. 
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NATURAL MICA WASHERS More 
than eighty stock sizes of flat washers 
and an equal number of disk blanks of 
natural mica. are listed in Bulletin 
2660. Available are washers and disks 
of both muscovite and phlogopite micas 
with the muscovite mica being used for 
temperatures up to 1000 F. Available 
are washers and disks in mica thick- 
nesses of from .00025” to .020” or more. 
Smooth-edge disk blanks are available 
in the same O.D.’s; blanks with “grip- 
per” edges are produced in additional 
sizes. Both washer and disk forms are 
precision-stamped to standard com- 
mercial tolerances. as well as = .002 
in. and less. Ford Radio & Mica 
Corporation. 
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TESTING SERVICES — Environmental 
and qualification tests are among the 
fifteen services described in a new 12- 
page facilities brochure. Other services 
include design evaluation tests; re- 
search and development: test equip- 
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Thompson Precision Surface Grinder 


Thompson Grinders are world famous for accuracy. OL. 
Their precision depends to a great extent, on the ‘\ 
smooth running R & M hydraulic pump drive mo- %. 
tors and the motor parts in the spindle head. Since 

even slight vibration in a precision machine tool *e 

destroys fine surface finish, Thompson engineers motor beian e 

have wisely chosen R & M Motors because of 

dependability and running smoothness. 

Freedom from vibration in a motor depends upon boosts Thompson 
the physical balancing of moving parts and also ia . \ 

the elimination of torque impulses set up in the 

windings. All R & M cai wo aonb have precision - 

less than .000025 inches of vibration amplitude | 

and torsional vibration is eliminated by designing 

the windings for balanced magnetic symmetry. 

If your application requires smoothness, depend- 

able performance and is within the limits of 1/200 

to 200 H.P. contact your R & M representative, or 

write for Bulletin 520-EM 


ROBBING &/MVERS. inc. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


Molars fans 
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Baking Varnish 
for MOTOR and TRANSFORMER WINDINGS 


For 10 years K-252 has been proving itself an excellent 


and reliable Baking Varnish for Class B operations. 


Because of its overall economy and proven satisfactory 
performance, Borthig K-252 Insulating Varnish will fit 
perfectly into your Class B insulating systems. Give your 
motors, transformers, form and random wound coils and 
armatures the full lifetime protection that Borthig K-252 
affords. Give them the benefits of K-252’s excellent pene- 
trating and good bonding qualities—and of its high wet 
and dry dielectric strength. 


An extra plus of K-252 is that it is entirely compatible 
with the modern Class B sheet and tape insulations. 


: 


Look to Borthig to furnish all 

your baking and insulating varnish and 
compound needs with products that are 
time-tested and proven by experience: 


* Epoxy Compounds ® Epoxy Thixotropic Pastcs 
a=, © Stator Compounds ® Air Drying Varnishes 
= ® Epoxy Varnishes °® Fungicidal Varnishes 
(S| 


GEORGE C. BORTHIG COMPANY, INC. 


are Bee Come at ae ae 
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ment design; among others. Listed are 
types of avionic, electronic, mechanical, 
pneumatic and hydraulic equipment 
which can be tested. Aerotest Labora- 
tories. Ine. 
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HIGH-TEMPERATURE CERAMIC MA- 
TERIAL FOR HERMETIC SEALS—Four- 
page brochure describes a new high- 
temperature, high-reliability ceramic 
material for hermetic-seal applications, 
designated ceramic type Ceramicite C- 
100. Cited advantages include superior 
electrical characteristics as well as 
high-pressure integrity at temperatures 
up to 820 F. The heating required by 
the sealing process causes unique 
changes in the linear expansion proper- 
ties of the materials to be bonded. The 
result is a common coefhicient permit- 
ting crystalline migration between inter- 
faces of the materials involved during 
the cooling eve le. Consolidated Electro- 
dynamics Corp. 


Circle No. 652, Reader Inquiry Service Cards 
on page 17 


DIGITAL MEASURING EQUIPMENT 

Digital voltmeters, digital ohmmeters. 
a-c/d-c converters and complete data 
logging systems are included in the line 
of products described in a 28-page 
catalog. Pages are devoted to the ad- 
vantages of manufacturer’s digital in- 
struments, as well as to general techni- 
cal information describing stepping 
switch type digital voltmeters and other 
products. Non-Linear Systems. Inc. 
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HEAVY-DUTY TERMINAL BLOCKS 
Complete with illustrations of each 
type and providing series numbers and 
specifications, Folder No. SB-160 de- 
scribes the complete line of heavy-duty 
Controlead terminal blocks. The one- 
piece molded terminal blocks are avail- 
able in a solderless model. direct-wir- 
ing block, and stud terminal block. 
Other available types: screw terminal 
block:  short-circuiting block: and 
hinged cover block. Special terminal 
blocks and related products are also 
briefly mentioned. Marathon Electric 
Manufacturing Corp. 
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DECIMAL EQUIVALENTS WALL CHART 

Stvled by an industrial designer for 
easy readability, 16 x 23 in. 3-color wall 
chart of decimal equivalents attempts 
to avoid the faults that frequently make 
charts of this type difficult to read. All 
numerals are one size. the chart being 
arranged in two columns. Decimals 
run down the center of each column 
with 64ths to the right and 32nds and 
l6ths to the left, in staggered forma- 
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FANSTEEFL V4 


ELECTRICAL 
CONTACTS 


SERVICE* 


‘ 
¥ 


\ *,.. Help when you need it, 


... Delivery when you want itt, 


» 
A ... Quality ALWAYS 
\ 
ey 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S. A. 
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HOLTZER -CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston 19, Mass 


GENTLEMEN Please send me data sheets on the 
Holtzer-Cabot R-25 Motor 


Please have representative call on . wwii 
(date) 
Pe eeiasaecpaias 


Company.. 


Street 


tion. Guide lines join each decimal 
with its fraction. John 
Hassall, Inc. 


Circle No. 655, Reader Inquiry Service Cards 
on page 17 


equivalent 


COPPER-NICKEL RESISTANCE ALLOY 
—8-page illustrated catalog describes 
an improved copper-nickel alloy devel- 
oped for use on “cold” resistor appli- 
cations in electronic devices, precision 
instruments and equipment 
where mechanical stability and a known 


similar 


low coefficient of resistance are re- 
quired. Booklet M-56C-N contains com- 
plete specifications and price informa- 
tion on the 54 wire sizes and 31 ribbon 
sizes offered as standard. Hoskins 
Manufacturing Co. 
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SELECTOR GUIDE TO FAST MACHIN- 
ING STEELS—More than 20 different 
types of carbon, alloy and _ stainless 
steel, each designed for maximum out- 
put of machined parts in keeping with 
other desired and individual character- 
istics, are described in a new revised 
bulletin. Featured are the new fast ma- 
chining leaded steels. Both free-cutting 
bar and plate steels are included in the 
guide. Guide designation is 99-1. Joseph 
T. Ryerson. & Son. Ine. 
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RESISTANCE WELDED FASTENERS 
How resistance welded fasteners cut 
costs, speed assembly and improve 
products are some of the topics dis- 
cussed in 40-page Catalog 58. Appli- 
cation data are supplied on 10 differ- 
ent types of Weld nut which are applied 
by resistance welding. Also described 
are such stock parts for resistance 
welding application as brackets. bosses. 
clips, pads, knobs and handles. Speci- 
fications are also given on screws and 
pins for weld applications. The Ohio 
Nut and Bolt Co. 
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POWDER CORES Originally developed 
in Japan, Sendust powder cores are 
available in this country from stock in 
sample as well as production quantities. 
One major advantage: use of non- 
strategic materials. thus avoiding alloy 
shortages. Data are provided on the 
range of sizes available: curves are 
provided. The Arnold Engineering Co. 
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SENSITIVE AND POWER TYPE RELAYS 

Text and illustrations of a 4-page 
brochure describe a single-pole double- 
throw sensitive relay with a rating of 
2 amp resistive at 36 volts d-c or 115 


volts a-c. Additional data are presented 


TAKE 
YOUR 
PICK! 


Special 
Chromalox features 
solve 3 spot 
heating problems 


Spring strain reliever of high tempera- 
ture stainless steel for applications in 
which cartridge heater leads flex. High 
tensile spring, mechanically locked to 
heater, covers lead wires a distance 
sufficient to distribute stress 


arrestee cram Ba ean OS 


MOISTURE 


Moisture-resistant flexible brass con- 
duit protects lead wires of cartridge 
heaters operating in presence of steam, 
water, oil and vapors. Also offers added 
protection from flexing, vibration and 
mechanical damage 


ABRASION 


Flexible brass conduit protects car- 
tridge heater lead wires against abra- 
sion from other moving parts and from 
accidental mechanical damage. Safety 
factor where lead wires are exposed to 
machine operator. 


EE TT TENET St REEMA 


FREE BULLETIN! 


CHROMALOX 
ELECTRIC 
CARTRIDGE 
HEATERS 


Get the full story. Call your Chrom 
alox Representative or write today 
for Bulletin 850. 

c-2101 


Edwin L. Wiegand Company 


7530 Thomas Boulevard - Pittsburgh 8, Pa. 
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Waldes Truarc Rings cut assembly costs, improve 
performance of precision photo-optics equipment 


Charles Beseler Co., E. Orange, N. J. uses Waldes Truarc Retaining Rings in 3 applications shown. 
REFLECTING MIRROR ASSEMBLY IN OPAQUE PROJECTOR 


VU-LYTE Il 
PROJECTOR 


Here a Waldes Truarc crescent ring, Series 5103, replaced 
a split collar and clamping ring. Results: labor costs cut 
50¢ per unit because of greater ease of assembly. Drier 
provides more uniform heating. 


Whatever you make, there’s a Waldes Truarc Ring de- 
signed to save you material, machining and labor costs, 
and to improve the functioning of your product. 


In Truarc, you get 


Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Controlled Quality from engineering and raw mate- 


WALDES 


a ~, 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C.1, N.Y. 


/ i 
» TRUARC - 


RETAINING RINGS 


BEFORE 


“The front surface mirror is the most pre 
cise optical element in a properly-function 
ing opaque projector,” Beseler writes 
“Previously we used this extremely cumber- 
some means of holding the mirror in posi 
tion. As mirror adjustments are always 
required and the mirror is extremely deli 
cate, our spoilage was terrific.’ 


AFTER 


“Two Truarc Series 5100 Rings made pos 
sible complete redesign of the mirror as 
sembly. Now mirrors can be adjusted from 
outside the projector. Rejects now are prac 
tically nil. More precise adjustment of the 
mirror is possible. And because of the 
greater ease in adjustment, we have cut 
labor costs $2.00 per unit.’ 


35 MM MICRO-FILM NEGATIVE CARRIER IN ENLARGER 


2 Waldes Truare Series 5133 E-Rings replaced 2 cap nuts— 
at a saving of 20¢ per unit in labor costs. 


rials through to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Field Engineering Service: More than 30 engineer- 
ing-minded factory representatives and 700 field men 
are at your call. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 
assembly and production problems...without obligation. 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1, N.Y. 
Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his- 


tory applications. (Please print) 


Company 


Business Address 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries 
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Now Photocircuits Corporation offers you 
the services of its newly formed 


Er O'Tr'oOS 
DEY TSTOn 


for faster delivery of Printed Circuit Prototypes 


@ No need to wait weeks for a few engineering samples! We'll deliver FULLY 
FABRICATED parts within days from receipt of your art work or negatives and 
specifications. 


e This separate division is completely streamlined in its methods and systems to 
guarantee you the fastest possible service. 


¢@ To accomplish this result a special set of “ground rules” has been formulated. 
Your local factory Sales-Engineer will give you all the details. 


© He can figure costs on the spot! You will not be delayed by having to write 
the factory for formal quotation. 


The PROTO DIVISION combines speed with the three vital attributes that have 


made Photocircuits the leader in the industry ... EXPERIENCE, EQUIPMENT 
and CONTROL! 


NOW you'll meet that deadline and still benefit from all the cost and quality 
advantages of printed wiring. 


PROTO DIVISION 


Photwemreunts 


CcOeogcrerkatireene 


DEPT EM-9, GLEN COVE, NEW YORK 


Phones: 
Glen Cove 4-8000 
Flushing 7-8100 


Coble: PHOCIRCO 


Sales- Engineering Offices: 
HOUSTON, TEX. * LOS ANGELES, CAL. * ATHERTON, CAL. * ROCHESTER, N. Y. © KANSAS CITY, MO. 
CHARLOTTE, N.C. * DENVER, COLO. * SPOKANE, WASH. * CHICAGO, ILL. © PHILADELPHIA, PA. 
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on power control units useful for gener- 
al-purpose applications. Tamper proof, 
the units are constructed around a pow- 
erful solenoid. Contact members are 
heavy-duty parts, similar to those used 
in motor starters. The Five Star Co.. Inc. 
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MECHANICAL PACKINGS Braided 
styles, as well as molded and machined 
styles, of mechanical packings are the 
subject of an illustrated 8-page catalog. 
The braided packings are recommended 
for hot or cold acid, alkali, corrosive, or 
solvent service at temperatures from 

120 to 500 F. Additional pages pre- 
sent data on a range of molded and 
machine packing by means of cutaway 
views, tables and text. Crane Packing 
Co. 
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FRACTIONAL-HORSEPOWER MOTORS 

Listed and described in a_ revised 
1-page bulletin are 265 standard stock 
reducer and nonreducer motors of vari- 
ous types and sizes. Horsepower ratings 
of nonreducer motors range from 14 to 
4500. Reducer motors. with speeds 
ranging from 833 to 0.7 rpm, have 
torques of 12.8 in.-oz to 219 in.-lb. 
Bodine Electric Co. 
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BALL BEARING PILLOW BLOCKS An- 
nounced in a brochure, are ball bearing 
pillow blocks offering such features as: 
Eccentric cam _ locks.  self-alignment, 
and easy mounting advantages. Incor- 
porated are Sentri-Seal ball bearings 
lubricated for life. Text, tables and 
illustrations point out and provide data 
on other design features and specifica- 
tions. New Departure. Div.. General 
Motors Corp. 
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MINIATURIZED HYDRAULIC COMPO- 
NENTS FOR MISSILE—Describing hy- 
draulic pumps and motors as well as 
motorpumps and hydraulic packages 
miniaturized especially for missile ap- 
plications, Bulletin A-5216 contains 
curves and other illustrative matter. 
Among the products described are two 
series of constant displacement piston- 
pumps, some of which can deliver more 
than 5 hp per lb of weight. Miniaturized 
vane-type pumps are among other prod- 
ucts reviewed. Vickers, Inc. 
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MAGNETIC HOLD-IN LIGHTED PUSH- 
BUTTON SWITCHES—Offering flexibil- 
ity for control panels, magnetically 
held lighted pushbutton switches are 
described in Data Sheet 128 as com- 
bining the features of multi-circuit 
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Cleveland Nylok self-locking hexagon head cap screws 
hold tight, speed production, simplify design 


NOW STOCKED IN ALL STANDARD SIZES FROM % TO 1 INCH 


A Cleveland Nylok* hexagon head cap 
screw is self-locking — won’t work loose. 
The locking device is a tough, resilient pel- 
let of nylon that forces the mating threads 
together in a secure metal-to-metal union. 
All auxiliary locking devices are eliminated. 
Seated or unseated, the screw locks wher- 
ever wrenching stops. And because of 
“plastic memory,” the pellet tends to re- 
cover its original shape and the screw can 
be used repeatedly. 

These self-locking cap screws give uni- 
form torque and will not gall or damage 


e111 


threads or seating surfaces. They are not 
affected by aging or by temperatures from 
—70° to +250°F. Further, when screws 
are properly seated, the locking pellet func- 
tions as a liquid seal. 

You will save on production time when 
you use Cleveland Nylok self - locking 
screws. In addition, you can simplify de- 
sign and reduce size, weight and inventory. 
Contact your Cleveland distributor for 
these self-locking screws in all standard 
sizes from %4 to 1 in., in high carbon 
quenched and tempered steel (C-1038). 


*T.M. Reg U.S. Pat. Off., The Nylok Cor 


THE CLEVELAND CAP SCREW COMPANY 


4444-11 Lee Road, Cleveland 28, Ohio 


WAREHOUSES: Chicago 


SEPTEMBER 1957 


Philadelphia . New York Los Angeles 
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CLEVELAND seie 
“LOCtING 
HEXAGON HEAD CaP SCREWws 


}> 
- 


wttn the NVLOK feShing teature 


a 


Write today for your copy of the 
Cleveland Nylok folder giving com 
plete technical data and specifications 
on self-locking hexagon head cap 
screws. We can also supply other 
standard and special screws with the 
Nylok self-locking feature 
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In this Pushbutton World 


i 


to push the right button... 


PLENCO PHENOLICS 
PLASTICS ENGINEERING COMPANY 


SHEBOYGAN, WISCONSIN \ 


XS 


Serving the plastics industry in the manufacture of high grade 


phenolic molding compounds, industrial resins and coating resins. 
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switching. a self-contained indicating 
light and a 28-volt d-c holding solenoid 
into one compact unit which mounts on 
l-in. centers. The three single-pole 
double-throw switching units offer a 
variety of wiring combinations. Char- 
acteristics. electrical data, contact ar- 
rangement and list prices are given in 
the l-page data sheet, along with two 
illustrations. Micro Switch Div., Min- 
neapolis-Honeywell Regulator Co. 
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SUPPORTED TEFLON TAPES, SHEETS, 
LAMINATES Copper-clad-supported 
Teflon is among the range of products 
described in an_ illustrated brochure 
complete with a series of tables provid- 
ing specifications on glass-supported 
Teflon, and laminated sheets. Advan- 
tages of the glass-supported Teflon in- 
clude greatly reduced cold flow and 
higher structural strength, as well as 
lower thermal expansion and _ higher 
rigidity. Continental-Diamond Fibre 
Corp. 


Circle No. 666, Reader Inquiry Service Cards 
on page 17 


REINFORCED FIBERGLAS BANDING 
TAPE—Construction details and general 
applications of a line of banding tapes 
are the subject of Bulletin No. RE65-1. 
CPS Res-i-glas are made of Fiberglas 
nonwoven parallel glass yarns impreg- 
nated and bonded with Permafil poly- 
ester. They are intended for use as a 
high tensile. high modulus, low elonga- 
tion, high impact strength, thermoset- 
ting tying and banding tape, with ex- 
cellent electrical properties. Uses in 
armature banding and transformer ap- 
plications are discussed. Chicago 
Printed String Co. 
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STATIC CONTROL ELEMENTS—Funda- 
mentals and features of general-purpose 
static control elements are presented in 
Bulletin GEA-6578. which also ex- 
plains the advantages of static control. 
In the explanation, use is made of the 
logic function concept. A complete line 
of static control logic elements is avail- 
able. General Electric Co. 
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OIL SEALS—Complete with an index, 
this 68-page catalog describes oil 
seals carried in stock, with accompany- 
ing stock numbers and part numbers. 
Included is a section describing and 
illustrating available materials for use 
as sealing members—including Sirvis 
Leather, Sirvis-Conpor (elastomer im- 
pregnated) leather permitting  self- 
lubrication without objectionable leak- 
age; and the wide range of Sirvene 
(synthetic rubber) compounds. In- 
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“TIMING” BELT DRIVES 


Pratt & Whitney 
Model 104 
Electronic Template 
and Cam Machine 


In keeping with its embodiment of the latest engineering 
advances, this Pratt & Whitney machine uses Gilmer “Tim- 
ing”® Belts to drive the spindle at constant angular 
velocities, assuring the finest finishes and maximum tool life. 
Belts can be changed readily to any of three positions, in 
the manner of change gears, to provide various spindle 
speed ranges, permitting use of either High Speed Steel or 
carbide mills and small diameter grinding wheels. 

The design engineer for Pratt & Whitney states, “From 
the very concept of this machine the Gilmer “Timing’ Belt 
principle was selected, and has proved to be a wise selection 


give PRATT & WHITNEY 
vibrationless spindle operation 
at 48 to 11,500 rpm. 


HERE is a modern miracle of machine design: an elec- 
tronically controlled machine tool that works directly 
from a drawing to produce finished metal parts . . . with- 
out the need for costly master formers. Its non-contacting, 
spark-gap tracer disc automatically follows the conduc- 
tive lines of an enlarged drawing to guide the tool in 
cutting highly accurate templates and cams—both inter- 
nal and external. 


giving trouble-free power transfer throughout the exception- 
ally wide spindle speed range of 48 rpm to 11,500 rpm. The 
belts are used to insure positive drive with absolutely no slip 
and vibrationless operation of the spindle.” 

Are you planning one of the “machines of tomorrow”? 
Then follow the example of leading machine tool builders, 
both here and abroad, and design it around the Gilmer 
“Timing” Belt drive—the only type of drive that assures 
positive power transmission without need of lubrication! 
Your NYB&P Distributor can supply you with engineering 
data, as well as with Gilmer “Timing” Belts and pulleys. 


Proving for 111 years that QUALITY COSTS LESS! 
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cluded also is the chart indicating the 
compatibility of each material with a 
wide range of media to be sealed. Chi- 
cago Rawhide Manufacturing Co. 
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GASKETS, BACK-UP RINGS AND O- 
RINGS—Complete line of gaskets, back- 
up rings and O-rings are said to be 
impervious to acids, alkalis, corrosives 
and solvents at temperature from —120 
to 500 F. Data on them are provided in 
a recently issued brochure that also 
contains service and mechanical rec- 
ommendations. Information also covers 
operating pressures and standard sizes 
and dimensions. Crane Packing Co. 
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TEFLON ROD AND TUBING \vailabil- 
ity of Teflon red in 21 stock sizes up to 
2 in. diam is announced in a 2-page 
bulletin describing a full line of ex- 
truded Teflon rod and tubing. The tub- 
ing is available in 10 stock sizes rang- 
ing from 14 in. I.D. and % in. O.D. to 
1 in. LD. and 1% in. O.D. Chicago 
Gasket Co. 
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COUNTING INSTRUMENTS Con- 
densed catalog and price list of a line 
of counting instruments contains infor- 
mation on heavy-duty electric. stroke 
and revolution counters; electric count- 
er actuators; small electric and stroke 
counters; and coil winding counters. 
Additional listings provide information 
on related products. Production Instru- 
&, ; . " ; 
ments Diy., General Controls Co. 
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HIGH-VACUUM EQUIPMENT—General 


YA catalog of high-vacuum equipment for 


150,000,000 standard fastenings — laboratory and other applications de- 

scribes high-vacuum processing equip- 
...On hand BEFORE you order! ment designed for electronic require- 
ments, and a wide range of products 
that include leak detectors, rotary oil- 
sealed mechanical pumps, and _ high- 
vacuum valves, baffles, and traps. High- 
vacuum gauges, pump fluids, greases, 
and lubricants are among other prod- 
ucts described. Rochester Div. Consoli- 
dated Electrodynamics Corp. 


NUTS, for instance—hex, square, cap, castellated, heavy, 
finished, regular, wing, and knurled, in brass, bronze, 
stainless, aluminum, copper, nickel, monel. The exact fast- 
ening you need, on hand BEFORE you order. Your nearby 
Harper Distributor is a fastening specialist. He knows 
your problems. He'll give you quick service. Why shop? 


Why wait? Make just one telephone call to your Harper 


AAO 
\ih\ 


AMAA 


Distributor, and get immediate delivery Circle No. 673, Reader Inquiry Service Cards 


THE H. M. HARPER COMPANY ee 


8204 LEHIGH AVENUE e MORTON GROVE,ILLINOIS SHELL-MOLDED CASTINGS 


AYA 


Shell 
molding is described in Bulletin 52-520 


irrefutable proof of Harper's greater metals’ strength shown by laboratory test! as a process in which silica or zircon 


eH re . se ae Oi sand is bonded by thermosetting phe- 
2 An important point in buying fastenings nolic or urea resins to form a relatively 

is strength. independent laboratory thin-walled mold. Cited advantages of 
tests*, utilizing Stainless Steel Machine f oe ; e 
Bolts by Harper and three other lead- this precision process included smooth 
ing producers, prove Harper superiority surface finish; close tolerances; uni- 
in Tensile, Shear, and Yield Strength. formity: and reduced machining. Text 
The chart at left shows the actual re- and illustrations show the casting pro- 
sults of these tests. For complete infor- 
mation on these important tests, request 
Form No. 126. 


€Circle 273 on page 17 ELECTRICAL MANUFACTURING 
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cedure. Typical parts are described and 
illustrated. Availability of complete tool 
and die facilities is stressed. Westing- 
house Electric Corp. 
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LIQUID PLASTICS FOR LOCKING 
THREADED FASTENERS — Information 
on how to lock threaded fasteners with 
Loctite Sealant is described in Techni- 
cal Report No. 5. Proper selection of 
grade is outlined and specific uses and 
methods of application are documented 
for studs, screws, nuts and_ other 
threaded products. American Sealants 
Co. 
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KEL-F HALOFLUOROCARBON POLY- 
MERS—More than a dozen tables of 
properties are among the features of 
a 10-page technical booklet on Kel-F 
brand halofluorocarbon polymers. Col- 
orless, nonflammable polymer of tri- 
fluorochloroethylene, the Kel-F plastics 
is described as exceptionally 
stable; chemically inert; and a true 
thermoplastic. Other characteristics in- 
clude high impact strength at both 
low and high temperatures; and _ re- 
sistance to thermal shock. Minnesota 
Mining & Mfg. Co. 
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ELECTROLYTIC CAPACITORS’ FOR 
COMPUTERS — Computer-quality elec- 
trolytic capacitors are described in a 
four-page engineering bulletin. Con- 
struction features include electrodes of 
high-purity aluminum and_ specially 
formulated electrolytes. Capacitors are 






available in various capacitance and 
voltage combinations ranging from 45,- 
000 mf at 5 volts to 850 mf at 400 volts. 
Container diameters are 1°4 in., 2 in., 
21% in. and 3 in. Height of all units: 
414 in. Pyramid Electric Co. 
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SATURABLE REACTORS — Standard 
lines of saturable reactors for industrial 
and other control applications are the 
subject of a 32-page catalog. The high- 
gain units are manufactured in com- 
plete lines for both 240-volt and 120- 
volt operation. Catalog R-10 contains 
88 curves showing the transfer charac- 
teristics of these units under typical 
operating conditions. Application data 
and typical circuitry are also presented. 
Control Div., Magnetics, Inc. 
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Harper FLO-FORM Process 
Saved money...made part better! 


A manufacturer of an electrical hand tool was milling 
and slotting a copper conductivity pin from wire. The 


cost was too high—too many rejects. They called in the 

Harper Application Engineer who suggested redesign of 

the part for production by the Flo-Form Process. Now 

it is made at lower cost. There are no rejects. Grain struc- 

ture is better. The part is stronger and m efficient 

Your “special” problem can be solved by the Harper Flo- 
I i ! 


Form engineering team of designers, metallurgists, and 


tooling specialists with vast experience gained in over 33 
years of solving fastenings problems. Save money. Send 
Harper Branch 


us your problem today or call your near 


for Harper Application Engineering Servi 





Meet Harper Application Engineer, 
RICHARD FRODIN 


Fastening users in the widespread Chicago 
manufacturing area are familiar with Harper 
Flo-Form Engineering Service given by Mr 
Frodin. Dick has wide experience with plants 
large and small, and daily puts to work ideas 
and suggestions which solve special fastening 
problems of his customers. 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVENUE e MORTON GROVE, ILLINOIS 
















































The Harper infinity symbol, 
as shown above, and 

the name FLO-FORM ore 
registered trade marks of 
The H. M. Harper Company. 








SOLDERING LUGS 
* TERMINALS « 
PRINTED CIRCUIT 
HARDWARE 


Tell us about your application and 
production requirements. We’ll 
supply your needs from our com- 
plete line—or adapt to your speci- 
fications—and show you how to cut 
costs and speed up production! 


@ Miniature Tubular Terminals, 
Wire Wrap Terminals and 
Contacts for Automated Printed 
Circuit Applications 


@ Solderless Crimp-on Terminals 
@ Line Cord Interlock Terminals 


e@ Automatic terminal inserting, 
crimping and staking machines 


Contact us today. Send blue print 
or specifications for specific infor- 
mation. Request bulletins for gen- 
eral information. 


Wee TOOL and MANUFACTURING CO. 


4021 W. LAKE ST. * CHICAGO 24, ILL. 
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Editorial Reprints 


\s manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards beginning on 
page 17. Readers should circle those 
numbers indicating the reprints desired. 


REPRINTS NOW AVAILABLE 


Effects of Nuclear Radiation on Elec- 
tronic Components, September 
1957, 8 pages. Detailed experi- 
mental data on electronic compo 
nents that have been operated and 
tested in gamma and neutron fields 
by Admiral Corporation under an 
Air Force research contract. Spe- 
cific components tested include: 
Insulated wire; resistors (wire- 
wound, composition, carbon film, 
and stannic oxide film); capacitors 
(mica, ceramic, glass, paper, and 
plastic); vacuum and _= gas-filled 
tubes; germanium and silicon di- 
odes; printed circuit boards. 

(732) 

Transistor-Magnetic Amplifiers, Sep- 
tember 1957, 8 pages. Seven com- 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 


type amplifier. (728) 


Numbering Systems, September 1957, 
8 pages. An easy-to-read but stimu- 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
any base: binary (2), ternary (3), 
quaternary (4), quinary (5), deci- 
mal (10), duodecimal (12), also 
coded decimal numbers. A needed 
background for computer and nu- 
merical control system design. 


(703) 


Thermal and Acoustical Insulation 
Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 


If multiple quantities of these re 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 


Cost of 
Single Subject Reprints 
No. of Numbers of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


pliance design. Applications are 
discussed in refrigerated equipment; 
ranges: water-heaters:; air condi- 
tioners; and home laundry equip- 
ment. Materials discussed include: 
improved types of fibrous glass; 
gas-filled insulation; cellular or 
foam plastics; molded fibrous glass. 
\coustical design problems are also 
analyzed and applications of fibrous 
glass described. Property charts; 
temperature analysis charts; avouli- 
cations illustrations. (723) 


Minimizing Partially Developed Relay 
Tree Circuits. August 1957, 8 
pages. In a fully developed relay 
tree (all possible outputs utilized) 
the number of transfer contacts is 
determined by the number of re- 
lays—regardless of circuit arrange- 
ment. But if all outputs are not 
utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 
presents unique graphical method 
for “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


High-Precision Electromechanical Lin- 
ear Measuring Systems, August 
1957, 16 pages. A critical evaluation 
of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
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SH VINYL-SIL 


/ VINYL-GLASS SLEEVING 
HW DELIVERS LONGER FLEX-LIFE 


Progressive stiffening under heat signifies deteriora- 
tion of vinyl-glass sleevings so retention of 
flexibility is important as a guide to ultimate life 
expectancy. Here are the figures on BH Vinyl-Sil: 
2800 hours at 130°C. 320 hours at 150°C. 


115 hours at 180°C i hours at 232°C. 


BH Vinyl-Sil is available in two types. Both are 
rated for 8,000-volt zzn27mum dielectric breakdown 
and meet all requirements of ASTM, NEMA* and 
MIL-I-3190B* Class B-A-1 specifications. Moisture 
problems call for BH Vinyl-Sil 105, which offers 
no capillary attraction to water. It is the only vinyl- 
glass sleeving to be recognized by the Underwriters’ 
Laboratories for 600-volt, continuous wet or dry 


operation at 105°C. For standard applications, use 
BH Vinyl-Sil 8000. 


The outstanding dependability of BH Vinyl-Sil 
comes from over seven years’ pioneering research, 
development and production testing. Prove it your- 
self send us the facts on your electrical insula- 
tion problems we'll make recommendations and 
send you appropriate samples. 


BENTLEY, HARRIS MANUFACTURING Co. 


1209Barclay Street Telephone: TAylor 8-0634 


CONSHOHOCKEN, PA. 


BENTLEY, HARRIS YZ, 


5 b, ible 
Sexible 


* New Revised Standards Available On Request From Bentley, Harris. 


BH Non-Fraying glass fiber 
by an exclusive Bentley, Harr 
Pat. Nos. 2393530; 264729 


Circle 275 on page I7 





SJ 


A TALENT FOR INVENTION: Leroy 
K & E development 
simple to operate and requires no special! skill or training. One man can 
start a job and another finish it without any variation in lettering. 

This K&E equipment comprises three basic, precision engineered 


parts: Leroy template, Leroy pen and Leroy scriber. Capitals, lower 


Lettering Equipment—a | 
insures perfect neatness and uniformity, yet it is | 


“Inductosyn;” Canadian 


Westing- 
house “Nultrax.” 


(725) 


| Design Procedures for Special Type 


High - Temperature Transformers, 
July and August, 1957, 20 pages. 
A two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: Transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 
supply transformers. (735) 


Ceramic Permanent Magnets for Mo- 
| 


} 


| 
| 


tors, July 1957, 8 pages. Property 
data are given on barium ferrite 
materials both nonoriented and 
oriented, and design procedures 
presented for their use as pole ma- 
terials for permanent magnet d-c 
motors in a wide range of sizes. 
(731) 


| Integration of Dielectric Materials, 


case, numerals, vertical or forward slanting letters can be drawn from | 


a single template—an exclusive K& E feature. You can buy templates, | 


pens, and scribers separately or in convenient sets. 


Leroy templates offer a variety of alphabets, sizes and graphic symbols. 
Electrical, mathematical, mapping, geological and other symbol tem- 
plates are available. Templates, with words or phrases that are fre- 
quently repeated, as well as templates with your own symbols, trade 
marks or designs, can be made to your order. 


To save time and money in your drafting room specify K& E Leroy' 


| 
| 
| 
| 


|R 


Lettering Equipment. For other drafting or engineering equipment | 


and materials also look to Keuffel & Esser Co.—your “Partners in | 
| 


Creating” 


re 


who have served engineering for 90 years. 


KEUFFEL & ESSER CO. 


Chicago, St. Louis 


New York 
Los Angeles 


Hoboken, 
Seattle, 


N.J., 
Montreal 


Detroit, 


Dallas, San Francisco, 


U 


Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase- 
ous dielectrics and _ metal-fiber 
paper. Summary of progress in 
high-temperature dielectrics for 
500-C capacitors. Problems in ther- 
mal evaluation and classification of 
insulation. Statistical studies in in- 
sulation life. Tables and graphs are 
included. (721) 


sing Boolean Algebra to Design 
Static Control Circuits, July 1957, 
12 pages. Staff report of Boolean 
algebra design techniques employ- 
ed by an original equipment man- 
ufacturer to translate mechanical 
sequence descriptions into machine 
control circuits of commercially 
available static logic elements. II- 
lustrated step-by-step with actual 
design work sheets detailing the 
evolution of a typical machinery 
drive control. (720) 


elay Design Targets, June 1957, 12 
pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 
and testing. Much of the latter has 
to do with selection of relays for 
reliable operation under extreme 
conditions of shock and vibration 
such as encountered in missile cir- 
cuits. (717) 


| JIC Electrical Standards for Industrial 
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Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
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the first really new 
paper tubular capacitor... 


AEROVOX “WHITECAP” 


TYPE v84 TUBULAR CAPACITOR! 


Aerovox announces the development of a WAX-FREE paper tubular capacitor with 
electrical characteristics surpassing all others . . . even the best molded units. 


Aerovox ‘“‘WHITECAP” capacitors offer a distinctive white case, completely free 
of wax. The absence of any wax facilitates handling and assembly procedures. No 
dripping and no gummed-up machines. Light in weight and clearly marked, these 
units will enhance the appearance of any assembly. 


Aerovox “‘WHITECAP” capacitors are superior electrically over ALL other conven- 
tional paper tubulars including molded units. Outstanding humidity resistance 
.. . far greater than ever known before in units designed for radio-TV applica- 
tions. Highest Insulation Resistance ever offered before in a paper tubular. Wide 
temperature range .. low-power-factor. New standards of reliability backed by 
millions of hours of life and service tests. 


Operating Temperatures — —40°C to 85°C at full voltage rating and to 100°C with 
voltage rating of 75% 


Power-Factor — at room temperature will not exceed 1% 


Humidity — will withstand 95% relative humidity at 40°C in accordance with RETMA 
Specification RS164 except that exposure will be increased to 500 hours instead 
of 100 


TT 
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TYPICAL INSULATION RESISTANCE TYPICAL CAPACITANCE VS. TEMP. 


Immediate delivery on all production quantities. For full details contact 
your local Aerovox Sales Representative or write immediately to... 


AEROVOX CORPORATION 


NEW BEDFORD, MASSACHUSETTS 
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look at these advantages of 
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POX 


IRI DITE  FInisHEs 


for 
CORROSION-RESISTANCE, 
PAINT BASE on 
ALUMINUM and MAGNESIUM 


EASE OF USE—Iridite is a simple chromate conversion 
treatment. Fast, easy, economical. You just dip, brush 
or spray it on the part at room temperature. No spe- 
cial equipment. No specially trained personnel. 
OUTSTANDING PERFORMANCE—Forms a film that is an 
integral part of the metal itself. Can’t flake, chip or 
peel. Takes paint firmly on initial application, and the 
bond lasts. Even protects areas scratched in use. 
LOWEST COST—You have only minimum equipment 
cost, no special racks, high speed operation, lower 
overall handling costs. 

CHOICE OF APPEARANCE—Clear coatings that retain 
metallic lustre to dark, maximum protection coatings. 
A variety of colors is available by dyeing. 

IRIDITE 14 and 14-2 (Al-Coat) for ALUMINUM 

Two specially formulated finishes that give you maxi- 
mum latitude in aluminum treatment. Both provide 
excellent corrosion protection and paint base. Iridite 
#14-2 is an improved product that allows greater 
flexibility in operation and coating thickness and pro- 
duces the optimum in corrosion protection. 
Either coating provides corrosion resistance superior 
even to complicated electrolytic treatments in a frac- 
tion of the time. These coatings also offer many other 
valuable characteristics: they have low electrical re- 
sistance, they aid in arc-welding, provide a good base 
for bonding compounds, have no effect on the dimen- 
sional stability of close-tolerance parts. Final appear- 
ances ranging from clear through yellow iridescence to 
full brown can be obtained. By dyeing, you can pro- 
duce red, green, blue, orange or yellow finishes. 


SK 


xX 


IRIDITE 15 for MAGNESIUM 


Produces a protective, paint base film with corrosion 
resistance at least equal to that obtained from long, 
high-temperature dichromate treatments in a fraction 
of the time and at room temperature. The appearance 
of the coating can be varied from light brown to dark 
brown and black. 


APPROVED UNDER GOVERNMENT AND 
INDUSTRIAL SPECIFICATIONS 


SEE FOR YOURSELF WHAT IRIDITE CAN DO... SEND SAMPLE 
PARTS FOR FREE PROCESSING. Look at the results, test the pro- 
tection, evaluate the savings. Also write for handy Reference 
File of the most complete data published on chromate conversion 
coatings. Or, for immediate information, call your Allied Field 
Engineer. He's listed under “Plating Supplies” in your classified 
phone book. 


|» Weald Researcn Propoucts z 
INCORPORATED ~?¢ 
rp 


4004-06 E. MONUMENT STREET e BALTIMORE 5. MD 


Manufacturers of Iridite Finishes for Corrosion Protection 
and Paint Systems on Non-Ferrous Metals; ARP Plating Chemicals. 


West Coast Licensee—L. H. Butcher Co. 
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machine tools, furnaces, presses, 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit 
March 1957. Single reprints, no 
charge. Multiple quantities obtain- 
able at the following prices: 5— 
$3.75; 10—$6.00; 25—$12.50; 50— 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Applications for Glass Materials and 


Components, June 1957, 8 pages. 
Glass as an engineering material is 
discussed in three broad classifica- 
tions: (1) Structural applications; 
(2) components; and (3) special 
purpose materials. Properties are 
summarized, applications analyzed, 
illustrations and property data 
provided. (716) 


Review of Environmental Test Equip- 


ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 
reference, (718) 


Capsule Calculus, May 1957, 20 


pages. A refresher course for the 
older engineer, taught from a sim- 
ple logical standpoint. Detailed 
proofs and elaborate examples are 
omitted in favor of easily followed 
discussions. Part I discusses basic 
principles of differentiation; Part II, 
integration, and Part III interpreta- 
tion of equations involving time 
and motion concepts. (727) 


Considerations in Testing Thermistors, 


May 1957, 8 pages. Proper meas- 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter- 
mining resistance, voltage, time 
delay, and temperature-resistance 
slope. (715) 


‘Temperature Rise in Servo Motors, 


April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex- 
amples worked out. Tables _ of 
thermal conductivity and heat trans- 
mission included. (734) 


Characteristics of Metal-Clad Lami- 


nates, April 1957, 8 pages. Results 
of a Navy-sponsored National Bu- 
reau of Standards investigation 
dealing with the following major 
characteristics of metal-clad lami- 
nates used in printed-circuit design: 
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CUTLER: ary aids 
MOTOR CONTROL == 
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99 CUTLER-HAMMER OFFICES 


SERVE EVERY INDUSTRIAL AREA | 


Recently Cutler-Hammer an- | 
nounced the opening of new sales | 
offices in Medford, Ore. and Louis- 
ville, Ky. With the addition of these 
two offices, the number of sales of- 
fices now totals 55 serving every | 
industrial area. In addition to these | 
offices there is a nationwide net- | 
work of Authorized Cutler-Hammer | 
Distributors who maintain stocks of 
motor control components. For com- | 
petent assistance in the application 
of motor control and a reliable sup- | 
ply of control components, contact | 
your nearby Cutler-Hammer Sales 


Panelbuilder 


News for and about Panelbuilders 


ROTO-PUSH SIMPLIFIES CONTROL PANEL DESIGN 


e 


Office. 


Albany 7, N. Y. 
Atlanta 13, Ga. 
Baltimore 18, Md. 
Birmingham 9, Ala. 
Boston 35, Mass 
Buffalo 25, N. Y 
Charleston 4, W. Va. 
Charlotte 2, N. C. 
Chicago 6, II! 
Cincinnati 2, Ohio 
Cleveland 7, Ohio 
Columbus 9, Ohio 
Dallas 7, Tex 
Davenport, lowa 
Dayton 2, Ohio 
Denver 4, Colo 
Detroit 38, Mich 
Fresno 21, Calif. 


Grand Rapids 2, Mich. 


Houston 6, Tex. 
Indianapolis 5, Ind. 
Kansas City 6, Mo. 
Los Angeles 22, Calif. 
Louisville 6, Ky. 
Medford, Ore. 
Midland, Tex. 
Milwaukee 9, Wis. 


Minneapolis 15, Minn. 


Newark 5, N. J. 

New Haven 18, Conn. 
New Orleans 12, La. 
New York 18, N. Y. 
Omaha, Neb. 
Philadelphia, Pa. 
Pittsburgh 5, Pa. 
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90 State St. 

210 16th St., N. W 
2319 Maryland Ave. 
323 Oxmoor Rd. 
415 Western Ave. 
3385 Harlem Rd. 
901 Laurel Rd. 

237 S. Tryon St. 
400 W. Madison St. 
804 Plum St. 

1521 W. 117th St. 
2700 E. Main St. 
1331 Dragon St. 
220 Main St. 

410 W. Ist St. 

126 W. 5th Ave. 


15427 Woodrow Wilson Ave. 


155 Van Ness Ave. 
403 Bldg. & Loan Bldg. 
3305 Montrose Blvd. 
644 E. 38th St. 

903 Grand Ave. 

6431 Bandini Bivd. 
2416 Frankfort Ave. 
1320 Queen Anne Ave. 
4017 Roosevelt Blvd. 
2312 W. Capitol Dr. 
523 S. 7th St. 

315 Sherman Ave. 
2331 Whitney Ave. 
833 Howard Ave. 

8 W. 40th St. 

320 W.0.W. Bidg. 


65 West Ave., Wayne, Pa. 


2240 Noblestown Rd. 


Cutler-Hammer’s Roto-Push Control 
Unit offers amazing opportunities for 
simplified compact control panel and 
master station design. Roto-Push com- 
bines the pushbutton and selector 
switch into a single control unit that 
will perform all the control functions 
which normally require two or three 
separate units. The control circuit is 
selected by rotating the knurled guard 
ring to the proper position, and the 
operation is actuated by depressing the 
pushbutton. The Run-Safe-Jog Roto- 
Push unit, illustrated is typical of 
many common functions that normally 


required two or three 
With the guard ring in the 


Portland 4, Ore 
Richmond 19, Va. 
Rockford, III. 
Sacramento 17, Calif. 
Saginaw, Mich. 

St. Louis 3, Mo. 

Salt Lake City 1, Utah 


San Francisco 7, Calif. 


Scranton 10, Pa. 
Seattle 4, Wash. 
Shreveport, La. 
South Bend 1, Ind. 
Spokane 34, Wash. 
Syracuse 2, N. Y. 
Tampa, Fla. 
Trenton, N. J. 
Tulsa 19, Okla. 


control units. 


“Run” 


posi- 


208 S. W. Stark St. 
13 E. Franklin St. 
1404 N. Main St 

1331 T St 

107 N. Franklin St 

1914 Washington Ave 
165 S. Ist, West 
2130 3rd St. 

836 Jefferson Ave 
619 8th Ave., So. 
1020 Creswell St. 

108 N. Main St. 

E. 1717 Thurston Ave. 
109 S. Warren St. 

P. 0. Box 2714 

39 Meadowbrook Ave. 
1632 S. Main St. 


Washington, D. C. 8055 13th St., Silver Spring, Md. 


York, Pa. 
Youngstown 3, Ohio 


12 E. King St. 
25 E. Boardman St- 
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tion, circuit is set up that is maintained 
after the pushbutton actuates the oper- 
ation. With the guard ring in the ‘‘Jog”’ 
position, the operation is actuated only 
as long as the button is depressed. The 
““Safe’’ position prevents accidental 
starting of the machine. 


Circuitry Unlimited 
Roto-Push operators are available in 
two and three position selector rings. 
Further there are six cam variations of 
the two position unit and two varia- 
tions of the three position element. The 
double pole contact blocks that are used 
with the Roto-Push operators are avail- 
able in any combination of normally 
open and normally closed contacts. 
Even the most involved circuits can be 
arranged with the Roto-Push control 
unit because of its wide choice of oper- 
ators, cams and contact blocks. Roto- 
Push control Units are oil-tight and 
suitable for either one-hole mounting 
or base mounting. For further infor- 
mation write on your company letter- 
head for Cutler-Hammer Master De- 
sign Pub. EL-178. 


PANEL BUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 67 page reference guide is 
specifically edited to assist design engi- 
neers and control panel builders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information and a maintained 
price list. Address your request for a 
personal copy on your company letter- 
head. CUTLER-HAMMER, Inc., 1264 


St. Paul Ave., Milwaukee 1, Wisconsin. 
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Current-carrying capacity; surface 
and volume resistivities of coated 


tre 5 units; dielectric constant and dis- 
Diamon H sipation factor under various tem- 


peratures and frequencies. Typical 


e test data are charted including a 
Series 270 special design guide showing basic 
relationship of current to temper- 

ature rise for various cross-sectional 

Thermostats areas of copper. Metal-clad lami- 
nates investigated include  glass- 

RNR mat-epoxy; paper-base phenolics; 
Designed for grease kettles, steam i Marat oe 
tables, coffee urns, air conditioning, Ses eS 
motor control, oil baths, platens, range phenolic. (726) 
ovens, laboratory equipment, solenoid <i ae . 
control and many other applications, = Effect of Radiation on Semiconductors, 
“Diamond H” Series 270 thermostats provide a variety April 1957, 12 pages. Graphical 
of circuits and temperature ranges in both single and presentation of performance deg- 


double pole models. radation of typical semiconductors 


Extremely compact, accurate in calibration, they give le al ~~ of ga . “a oe 
consistent low-differential operation and positive, over- evels of particle bombardment. 
the-center, quick action. UL approved standard ratings Data is presented which aids in 
up to 25 A., 125-250 V., A. C. are available. Horse- predicting interim behavior as ir- 
power ratings up to 1 h. p., 120-240 V., A. C., special radiation progresses so that proper 
bulb and capillary lengths and sizes, together with spe- application and circuit design can 
cial spindle and mounting arrangements may also be be made to obtain acceptable oper- 
obtained. Dials may be had in a choice of colors, marked ation within desired limits. (704) 
to suit the customer. 





Write for Bulletins T270 and T276H. “Diamond H” Dovelepeensts in Butyethylene Ineule- 
engineers will be happy to work out your specific re- tion, March 1957, 12 pages. Sum- 
quirements with you. mary review of new developments 

and trends in polyethylene insula- 

THE HART MANUFACTURING COMPANY tion, particularly for wire and cable. 
211 Bartholomew Avenue, Hartford, Conn. The effect of current research in 
Cicis 200 40 onee 57 catalyst and radiation chemistry on 

= development of new types of linear 

and modified nonlinear resins, as 

a complement to existing nonlinear 


materials, is traced. Expanded areas 

ENCAPSULATION of applications are explored. Design 
problems are analyzed in terms of 

property characteristics of both the 

and EMBEDMENT standard and the new materials. 
Typical property data and applica- 

tions reports are included (733) 


Preferred Circuits, March 1957, 20 
pages. A two-part staff report on 
the program sponsored by Navy 

x ayy BuAer and undertaken by the 


National Bureau of Standards ta 


Complete production facilities for encapsula- evolve reliable circuits for common 
tion and embedment utilizing “Luxolene” epoxy 


functions in Navy aeronautical 
resins. 


equipment. These preferred circuits 
e ELECTRONIC ASSEMBLIES are designed to replace the many 
e ELECTRICAL INSULATORS existing configurations to effect sav- 
e SPECIAL SHAPES AND DESIGNS ings in design time, maintenance, 
a 


THIN WALL EPOXY TUBING training, and stocking. Circuits de- 
Plair ass. Reinforce scribed include regulated power 
ELECTRIC COIL WINDING supplies, a blocking oscillator, a 
EPOXY RODS pulse cathode follower, and phan- 

einforced tastron delays. (730) 


© COLORS 

@e COMPOUNDING FACILITIES Timed Acceleration of D-C Motors, 
‘*SPECIALISTS IN EPOXY’ March 1957, 12 pages. Three elec- 
tronic control circuits for program- 

Write Dept. E For Complete Details ming linear acceleration ana decele- 
ration of integral-hp d-c motors in 


DELUXE COILS é ii closed-loop drive systems: (1) For 


- a linear acceleration during startup 
Office Box 364 bd Cl Tt Pi only; (2) for linear acceleration and 
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Anaconda Aluminum Coiled Sheet 


ALUMINUM COILED SHEET produced to the high 
standards of quality and uniformity maintained by 
The American Brass Company is now available for 
prompt shipment from our Torrington Division to all 
points in the United States. 

It is rolled on the most modern, high-speed equip- 
ment, X-ray controlled to close tolerance in gage. High- 
speed, electronically operated slitters give exact widths 
with clean edges on evenly and tightly wound coils. 
Latest annealing furnaces—with controlled atmosphere 
and temperature—provide high uniformity of metal 
structure to meet specified mechanical-property limits. 
IN THESE WIDTHS: Maximum 28 inches 

Minimum *4 inch 
IN THESE THICKNESSES: \aximum 0.064 inch 
Minimum .006 inch 
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COIL WEIGHTS: Up to 100 lb. per inch of width 
ARBOR SIZES: 4. 6. 8. 10, 12, 16, and 20 inches in 
diameter 
ALLOYS: 1100. 3003, 3004, 5005, 5050, 5052 
TEMPERS: Alloy Nos. 1100, 3003, 5005 
O, til? —Hi4 —Hi6.—Hls 
Alloy Nos. 3004, 5005, 5050, 5052 
—O, —H32, —H34, —H36, —H38 
FOR IMMEDIATE ACTION, call The American Brass 
Company Office nearest you. The American Brass Com- 
pany, Waterbury 20, Conn. 


ANACONDA 


ALUMINUM COILED SHEET 
Made by The American Brass Company 


4 


on page 17 





announces the 


(RELAYS | 


NEW ADVANCE 
GH 


Low Chat 


SERIES 


deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 
speed changing. (713) 


Signal Pickoffs for Control Systems, 
March 1957, 16 pages. Two-part 
article dealing with basic theory o. 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (714) 


Magnet Design: Two Practical Ap- 
proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2 Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 
nets. (712) 


A Reliability Approach to Thermal 

¢ Design and Evaluation, February 
1957, 8 pages. Techniques for 

determining equipment cooling re- 

quirements in terms of reliability 

goals for electronic components. 


...open or plastic enclosed 


Elgin’s new GH series combines the high efficiency required of gen- 


eral purpose relays with low cost. Their midget size suits them for 
installations where space is a problem (see specifications below). 
Open relays in 5 and 10 ampere ratings and clear plastic dust-tight 
enclosed 5 ampere relays are immediately available from stock. 
Specify dependable ELGIN performance .. . specify GH from your 


electronic parts distributor! 


SPECIFICATIONS 


NOMINAL POWER REQ.—DC relays, 1 
to 2 watts; AC relays, 2 to 3 volt amperes. 
NOMINAL VOLTAGE—DC relays, 6 to 
120 volts; AC relays, 6 to 220 volts. (On 
specification, DC voltage coil up to 220 
volts or AC voltage coil up to 440 volts 
can be supplied.) 

RESISTANCE — DC relays, 25 to 8,000 
ohms; AC relays, 4 to 5,000 ohms. 
PULL-IN CURRENT VALUES-—7.2 Milli- 
amps max, at 2,500 ohms; 5.0 milliamps 
max. at 5,000 ohms 

DUTY CYCLE—continuous. 
TEMPERATURE RANGE— —55 to 

-85 C when specified. 

INSULATION RESISTANCE — 100 meg- 
ohms min. 

DIELECTRIC STRENGTH — standard: 500 
volts RMS. (When specified, 1,000 volts 
RMS can be met.) 

MAXIMUM WEIGHT—2 ounces. 


GHA SERIES, 5 amp. open relay 


Contact rating, 5 amps. resistive, 2 amps. 
inductive at 115 volts AC or 26.5 volts DC. 
Contact material is fine silver, 1C,2C,3C 
arrangements only. Relay is 1.1” high, 
1.732” long and .937” wide. Contact ter- 
minals can be used as solder lugs or for 
printed circuitry. 


(Also available: GHB series, 10 amp. open 
relay.) 


GHP SERIES, 5 amp. clear plastic en- 
closed relay. 


Dust-tight plug-in. Contact rating, 5 amps. 
resistive, 2 amps. inductive at 115 volts 
AC or 26.5 volts DC. Contact material is 
fine silver, available in 1C or 2C arrange- 
ments only. Enclosure is 2!’ x 1°34)" 
overall. 2%" overall length above chassis. 


ELECTRONICS DIVISION 


ELGIN NATIONAL WATCH COMPANY 
2435 N. Naomi Street, Burbank, California 
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The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 


of the thermal design on relia- 
bility. (711) 


Static D-C References for Closed 
Loop Controls, January 1957, 12 
pages. Describes in fundamental 
terms the operation of voltage- 
regulator circuits using magnetic 
amplifiers, silicone diodes and tran- 
sistors. Simple equations are de 
rived for use in actual design of 
reference-voltage sources and in 
examining the performance of the 
completed circuit. (708) 


Resistor Evaluation for Critical Ap- 
plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance stability, and stamina require 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based 
on resistors manufactured to speci- 
fication MIL-R-10509A. (707) 


Magnetic Materials Push Back Design 
“Stops,” January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and 
Apparatus and Devices and Com- 
ponents disclosed at the second 
national AIEE Conference on 
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G-E mycalex...molded by G-E 


for better insulation of electrical products 
at higher temperatures and frequencies 


ata ee 


itched to G-E mycalex 


saved $15,000 a year! 


m With G-E engineering design assistance, a manufacturer of 
te outdoor lighting equipment changed from wet process 
porcelain to G-E mycalex for this lamp receptacle, and was 
able to save approximately $15,000 a year. 


Why? Metal inserts, formerly added only by a costly and 
time-consuming operation after the receptacle was formed, 
could now be firmly molded into the mycalex during the 


aR production process. 


design it This glass-bonded-mica insulation, molded by G-E’s 
c - . . 
compression or transfer methods, combines several important 
BE TTER features for better product performance at higher temperatures 
——— and frequencies: resistance to heat (up to 300°C.), high 
with dielectric strength, good impact resistance, low loss factor, 
arc resistance, close dimensional tolerances. 


an .~/ j 3 ‘ 5 
G S BE m yealex The unique properties of G-E mycalex can help you improve 
existing products or develop new ones. G-E engineers will be 
happy to work with you in the solution of these design problems. 


WRITE TODAY for further information: Plastics De- 
partment, General Electric Company, Section 9EM, 336 
Weir Street, Taunton, Massachusetts. 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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Magnetism and Magnetic Mate- 


rials. (706) 
Chace THERMOSTATIC BIMETAL 
ACTUATES ANOTHER PRECISION PRODUCT se | Encyclopedia of Insulating Materials, 


December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insu- 

the lating materials being developed 
under sponsorship of the Inter- 

national Electrotechnical Commis- 

sion. The manual (called officially, 

f “encyclopedia”) is geared to current 
j broad developments and aimed to 
facilitate the practical engineering 
h specification of such materials for 
t ermostat optimum design use. Examples of 
detailed group charts of compara- 


tive properties from the proposed 
encyclopedia are reproduced. (702) 








Magnetic Amplifiers in Power Servos, 
November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
cation (antenna array) indicates 
potential application to machinery 
control. (709) 


A Product of 
Robertshaw-Fulton 
Controls Co. 
Acro Division, 
Columbus, O. 





The Robertshaw TR125 Room Thermostat is a two wire low 

voltage thermostat designed for long life and dependable serv- 

ice, so Robertshaw insists on PROVEN PERFORMANCE 

before it is sent to a customer. In addition to observing rigid 

manufacturing specifications and making frequent inspec- 

tions, the company tests each part be fore asse ‘mbly, then Multiple Reprints 
follows with 100% final ae tion and a test under actual 

field operating conditions. As for the finished product, it has 


‘ i double dial. a Rae Multiple Reprints (reprints or com- 
» é ~0StUlive te eC eS ( Ss e ° ° ° ° 
an calpy-teee Gomme Se F I ae) pendiums into which are combined 


several separate articles on the same 
or related subjects) are available at 


and a comple tely enclosed dust- tight precision switch as- 
sembly and requires no leveling. 


Robertshaw’s high standards are fully met by precision the nominal prices indicated in each 
Chace Thermostatic Bimetal. The spiral actuating element listing. Orders must be accompanied 
is coiled from strip processed by Chace to the closest toler- by remittances. Large quantities, 
ances available in the industry. A smaller coil under the special = ee re 
Robertshaw name plate indicates the room temperature. Both era Aeseren ‘eer Vase 90 N.Y 
are typical of the top quality bimetal produced by Chace, oy ae ee 


manufacturers of thermostatic bimetal exclusively for over 

a third of a century. ’ : : ; 

Human Engineering in Equipment 
Design, 94 pages. Ten previously 


| 
If your device indicates or controls temperature or protects 
published articles dealing with the 


from effects of heat or cold you may need the precision 


actuation of Chace Thermostatic Bimetal, available in 28 theory, techniques and practice of 
types, in strip, coil or in fabricated elements of your design. human engineering written for the 
We do not manufacturt complete controls or any other special needs of the designer of 
devices in competition with our customers. Write for 44-page electrically energized machines, 
booklet “Successful Applications of Thermostatic Bimetal”, equipment, appliances and instru- 


containing many pages of valuable engineering data. ments. Relationship between human 

"4 engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
| specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 


W. M. blah co. 
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NEW LOW COST POWER RELAY 
HAS 6 SPECIAL “EE: FEATURES 









other outstanding 


*ESSEX ENGINEERED 
production proven products 


Mater Maul ime lola 
actuator and cover 


. “"Hammer-blow” ac- 
tion on contacts when 


Se ae 


coil is de-energized 


. Dust or lint contact 
rhe Tg 


REFRIGERATION WIRES 


The complete line of “Essex Engineered” in- 
ella elie ternal, lighting circuit, heater and lead wire 
... plus flexible conduit, power supply cords 
and thermostat cables, are approved by 
UL and CSA. 


. Screw or quick connect 


MOS retell 
Wire and Cable Division 


- Fort Wayne, Indiana 
ee mil b 


ENGINEERING DATA 


Specifications Power Appliance Relay Type 75 
S.P.N.O. or 2 P.N.O. Ae 5 

25 amps. per pole resistive at 230 volts 

60 cycle 

Inductive ratings—Consult factory for 

special inductive ratings giving details of 

application — 


















Contact Form 

















Contact Ratings 










RBM) 


GENERAL PURPOSE RELAYS 


A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 


No. 1 x 
~ aes R-B-M “Control” Divisiow 
Logansport, Indiana 


reliable 
versatile 


adaptable 















Contact Terminals Screw type or Quick connect type | 






_Coil Terminals _| Quick connect type 
Up to 240 volts, 50 or 60 cycle 


(Standard Pick up 85% Rated) 


Volt Ampere Ratings (Approximate) 

Armature Open Armature Closed 
50 cycle 19 50 cycle 13 
60 cycle 16 60 cycle 12 

















Coil Ratings 



















Among several design features the R-B-M Power Type 75 
Appliance Relay has a unique “hammer action” on contact 
opening which actually forces contacts open. A low wattage 
coil can be incorporated if ambient temperatures are higher 
than normal. Coil terminals are quick connect type. R-B-M 


Power Type 75 Relay has been designed for appliance appli- 






cations where trouble-free operation and low cost are vital 







COILED CORDS 


The “spring” in Coiled Cords automatically 
synchronizes with moving components that 
are electrically powered. There are no loop- 
ing, tangling cords in the way... because 
Coiled Cords extend and retract as needed. 
Write for new literature. 


factors. Also, special ratings are available for inductive or 






motor loads. Pilot duty device normally connects coil to 








voltage source and contacts close the power circuit. 










Cords Limited Division 
DeKalb, Illinois 


Write for Descriptive Bulletin 1030 


® 


RBM DIVISION 


Manufacturers of Magnetic 
Controls and Devices 





WIRE CORPORATION 





[vocansrorr, INDIANA 
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systems, special-purpose instrumen 
tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do's and 
don'ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 


Electrical Insulation and Dielectrics— 
1955. Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Practical Circuits for Grid Control of 
Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 

’ agence sign and analyze a simple servo. 

PASS & SEYMOUR, INC. a Coverage includes how and why 


SYRACUSE 9, NEW YORK « . servos work; servo terms and spec- 
60 E. 42nd St., New York 17, N. Y. 1440 N. Pulaski Rd., Chicago 5!, Ill. 3 ifications; selection of components; 
in Canada: Renfrew Elec. & Refrig. Co., Ltd., Renfrew, Ontario 


linear and non-linear servo design; 
linear analysis; impact-momentum 
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The 100% testing of all Skinner Solenoid Valves 
is your guarantee of consistent leakproof life 


Every single Skinner Solenoid Valve receives 100% In vacuum service, for example—and in critical test 
leakage inspection before shipment. Each one is tested equipment—standard Skinner valves are frequently 
under full pressure conditions at every point for both specified because of their record for outstanding 
internal and external leakage. Modern, sensitive equip- trouble-free performance. 

ment like that shown above is used to quickly detect 


So, if you are looking for solenoid valves with excep- 
any defect. So, if you are looking for solenoid valve th excep 


tionally long leakproof life, look to Skinner valves. 
In laboratory tests Skinner valves are regularly getting For complete information on Skinner’s line of 2-, 3- 
over 20 million cycles without leakage. And these re- and 4-way valves, write us or contact a Skinner 
markable results are constantly proving out in service. representative. Write Dept. 389 


Skinner Solenoid Valves are distributed nationally 


ae iT\ ELECTRIC VALVE 
vO TTS eae 














Creative Papers from the mills of Mosinee 


..are custom-tailored to specific needs 


.. particularly the electrical industry's 


Paper uniformity speeds production 
of Consoweld’s laminated plastic 


CONSOWELD CORPORATION manu- 
factures a variety of lifetime wall 
and countertop surfacing. This 
laminated plastic is made by im- 
pregnating specially manufactured 
papers with synthetic resins. Back- 
ing up the beautiful, colorful pat- 
tern sheet are 7 or more sheets of 
special Mosinee paper. Not any 
paper will do. The one used must 
absorb exactly the right amount 
of the expensive resin. And Con- 
soweld finds Mosinee papers’ uni- 
formity of caliper and basis weight 
speeds production. 

Mosinee, with nearly a_half- 
century of sulphate paper making 
a was able to develop 


VOSEE, 


SS A ST A | A A A A | 
EM-9, Mosinee, Wisconsin 


MOSINEE PAPER MILLS CO., Dept. 


a 
a 


and quantity-produce this special 
paper. Perhaps Mosinee Creative 
Papers can help solve your prob- 
lems. Our technological experi- 
ence is at your disposal. Simply 
fill out and mail the coupon. 


CONSOWELD CONSTRUCTION 


TRANSPARENT 
MELAMINE 
OVERLAY 


a 


PRINTED 
PATTERNS 


IMPREGNATED ~ 
MOSINEE CORE 
PAPER 


Bo COMPANY 


Please furnish details on how you can create special papers to meet our needs. 


NAME 


FIRM 


CITY 


ADDRESS 


PRODUCT 
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analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. An annotated _bibliog- 
raphy of articles in electrical insula- 
tion and dielectrics is included. 

$2.00 


Multiple Reprints 

at Quantity Prices 
Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 


Quantity 
Title 5 25 


Electrical Insulation and 
Dielectrics—1955 2.75 2.50 
Servo Series 1.85 1.25 
Thyratrons 1.75 1.50 
Human Engineering 2.25 2.00 
Casting Resins 1.75 1.50 
Prices given above include shipping 
charges. Make checks payable to The 


Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


Postcard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining— 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 
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You don’t 


have to be over 21 


to install and maintain 


It really is a cinch for an untrained person to install 
and maintain Fenwal’s 541 Temperature Indicator 
Controller. You don’t even have to open the case to 
adjust it even its snap switches can be easily re- 
placed without disturbing the internal mechanism. 
It’s simple! 

In Fenwal’s 541 all moving parts are in opposition 
wear on one is automatically compensated for and the 
controller’s high accuracy remains unchanged! It’s 
reliable! 

You can take your choice of temperature range, bulb 
styles, and one or two circuit controls, current ratings 

even the color of the housing. There are literally 
hundreds of adaptations that can be made from stock! 
So you get a tailor-made, fit-to-order controller at a 
competitive price! Jt’s versatile! 

Drop usa line at Fenwal Incorporated, 19 Pleasant 
Street, Ashland, Mass. and we’ll send you our catalog 
MC-139 or our sales engineer, whichever you want. 


a Fenwal temperature indicating controller 


LT N, ) 


CONTROLS 


SEPTEMBER 1957 


This is our dual circuit model (we've got hundreds of others 
which has two snap switches, each with a set point indicator, 
that actuates two circuits at pre-set temperatures. Housing 
in all Fenwal 541’s meet NEMA and JIC specifications. 


TEMPERATURE PRECISELY 
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When Timing is 
the Problem 


LUX - » « Specialists in the in- 


dustrial timing field and producers 
of over 20 million clocks and timers 
. . . Now offers the full facilities of 
their renowned laboratories to help 
Solve your timing problems. 


For design engineering assistance 
. . . Cooperation on custom-develop- 
ing and adapting of electric or me- 
chanical timing devices to meet your 
specialized needs . . . contact LUX. 


TYPICAL PRODUCTS DEVELOPED 
BY THE FAMOUS TIMING 
LABORATORIES OF LUX 


i APPLICATIONS 


PARKING METERS 


WASHERS & 
DRYERS 


BATTERY 
CHARGERS 


MILK COOLERS 
COFFEE MAKERS 
DISH WASHERS 
GAS RANGES 
SUN LAMPS 


ROTISSERIE 
COOKERS 

ELECTRIC 
HEATERS 


RECORDING 
INSTRUMENTS 


FULLY AUTOMATIC 
RANGE TIMER CONTROLS 


TIMERS FOR ELECTRIC 
ORVERS 


R 
CONDITIONERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES DRYERS 


RECORDER CLOCK 


rower em 7 
EM a come we 


The LUX CLOCK MANUFACTURING CO., Inc 
WATERBURY 20, CONNECTICUT 
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Association Activity 


IRE Forms New Group on 

Engineering Writing and Speech 
Formation of a new IRE Professional 
Group on Engineering Writing and 
(PGEWS) was approved by 
the IRE Executive Committee at its 
meeting in New York City on May 
14th. This Group, which will become 
the 26th Professional Group within the 
Institute of Radio 
its objective “the study. development. 
improvement and 
techniques for 


Speech 


Engineers. has as 


promotion of the 
preparing, organizing 
for use, processing. editing, collecting. 
conserving and disseminating any form 
of information in the electronics and 
related fields by and to individuals and 
groups by means of direct or indirect 
methods of communication.” 

At its first meeting the administra- 
tive committee elected Daniel J. Me- 
Namara as chairman and Charles De 
Vore as vice chairman. 

In contrast to other IRE 
which are concerned with 


Groups 
specific 
branches of engineering research and 
development, the PGEWS will be con- 
cerned with the techniques used in 
written and oral communication of en- 
gineering information. Its 
will include the development and pro- 
mulgation of acceptable standards for 
writing, editing, illustrating, oral deliv- 
ery and the like and the improvement 
of writing and speaking by engineers. 

Plans are currently 


objectives 


under way for 
a Group Symposium to be held in the 
New York area in the early Fall. Any 
IRE member may join the Professional 
Group on Engineering Writing and 
Speech by writing to the Technical 
Secretary at IRE Headquarters and 
asking that his name be added to the 
membership list. Further information 
about the Group may be obtained from 
any member of the Administrative 


Committee. 


ASME To Install New President 

\ San Francisco engineering executive. 
James N. Landis. has been nominaied 
to one of the highest professional of- 
fices in the country—that of president 
of the American Society of Mechanical 
Engineers. 

He will be installed in office after a 
letter ballot of the membership during 
the Society's annual meeting held in 
New York in December. Mr. Landis 
will serve for a term of one year. Mr. 
Landis is vice Bechtel 
Corp. and a past chairman of both the 
San Francisco Section of ASME and 


president of 


ot its 
York. 


Other nominations include those of 


Metropolitan Section in New 


Charles E. Crede, vice president. Barry 
Watertown, Mass.. for 
vice president, Region I. For vice pres- 
ident. Region III, Arthur W. Weber 
has been nominated. He is vice presi- 
dent of Corning Glass Works, Corning. 


, Hee & 


Controls. Ine, 


Bulletin on Recruiting Practices 

Issued by ASEE 

The bulletin on “Ethics of Interview- 
ing Procedures” originally published 
by The American Society for Engineer- 
ing Education, March 1949 served to 
correct some of the difficulties existing 
at that time. At a meeting of the 
ASEE held in June 1956 the society 
considered irregularities and abuses 
which had developed in their recruit- 
ing of seniors for engineering indus- 
tries. A new 
needed. 


set of regulations was 


In the meantime the Midwest Col 
lege Placement Association had _for- 
mulated a code for interviewing. This 
code was reviewed by the Committee 
on Ethics of ASEE and as a result a 
new code of “Recruiting Practices and 
Procedures” was adopted, acceptable 
to both groups. The practices are in- 
tended to control employment 
view procedures used by industrial 
employers in their dealings with stu- 
dents. Copies of the bulletin are avail- 
able from W. Leighton Collins, secre- 
tary. The 


inter- 


American Society for 
University of 
Illinois at 25 cents 


per copy. 5 for $1.00. 


Engineering Education, 


Illinois. Urbana. 


Advance Meeting Program 
Released by ASME 

Metals machine 
and lubrication are among the topics 


engineering. design. 
which will be discussed in a series of 
papers planned for the 1957 fall meet- 
ing of the American Society of Me- 
chanical Engineers, meeting this vear 
in Hartford, Conn., Sept. 23-25. the 
Hotel Statler. 

The program will feature trips to 
Sikorsky Helicopter Co., Stratford, 
Conn.. and to the Electric Boat Co.. 
New London. 

Typical of the wide range of papers 
to be “A Numerical 
Method for Determining Cam-Follower 


Response.” by Harold A. Rothbart, The 


delivered are: 
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these four applications 
are improved with 


DAPON 


resin 


APPLIANCE HANDLES to match any color decor of the modern kitchen 
are now possible. The exceptional heat stability of DAPON resin molding 
tompounds (producible in a wide range of colors) permits the finished article 
to withstand high temperature exposure for prolonged periods of time with 
substantially no loss or change in color. Moldability of DAPON resin com- 
pounds is excellent. Added advantages of good impact strength, high deter- 
gent resistance, unmatched resistance to food and beverage staining make 
DAPON the number one resin for appliance handles. 


DAPON resin is a solid prepolymer of diallyl phthalate; 
making available the outstanding properties of this material 
in a form readily usable in all types of thermosetting 

resin operations. 


In selected applications these properties are unmatched 
by existing resins. DAPON resin should be evaluated 

for use as the base resin in any thermosetting application 
requiring chemical resistance, heat and humidity 
resistance, superior electrical properties, good 
moldability, or dimensional stability. 


Extensive testing programs have been completed to point up 
those uses and applications in which DAPON resin has 
distinct merit and produces decidedly better properties. 

Molding compounds with various fillers, reinforcing fibers 
and colors are now available. Government approval under a 
number of military specifications has been obtained. 


Let us know the application you have in mind for DAPON resin 
... write now for literature and technical data. 


DECORATIVE LAMINATES made with DAPON resin do not 
require the usual ‘‘facing’’ steps. The printed paper can be lami- 
nated directly to the backing material in a single operation. For 
applications requiring soft backing materials excellent flows can be 
effected at pressures as low as 50 psi. With either high or low 
pressures, laminates of DAPON resin exhibit exceptional resist- 
ance to abrasion, chemicals and heat. 


INDUSTRIAL LAMINATES made with DAPON resin have a 
number of outstanding properties: Superior electrical properties 
e.g., high insulation resistance retained under conditions of high 
humidity; heat resistance without degradation even under sustained 
vibrational stress. Other advantages exist in end uses requiring a 
high degree of chemical and moisture resistance, good dimensional 
stability, mechanical strength and ease of machinability. Formulated 
with or without volatile solvents DAPON resin is suitable for use in 
the full range of pressure curing conditions. 


MOLDED ELECTRICAL PARTS containing DAPON resin 
exhibit highest resistance to humidity changes. Maximum retention 
and rapid recovery of electrical properties are insured by the un- 
matched stability of DAPON resin and the absence of deleterious 
products of degradation under long term use conditions. Properties 
of dielectric strength, dielectric loss, volume resistivity and arc 
resistance are particularly outstanding. Very low molding and post 
molding shrinkage allow close tolerances and the use of closely 
spaced inserts. Moldability and resistance to heat and chemicals 
are excellent. 


FMC Organic Chemicals Division 


Food Machinery and Chemical Corporation 


Oo H I oOo — 


e E xX 


161 East 42nd Street-New York 17,N. Y. 
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OTHER FMC CHEMICAL DIVISIONS: WESVACO CHLOR-ALKALI 
WESTVACO MINERAL PRODUCTS Phosphates, Barium and Magnesium Chemicals * BECCO CHEMICAL Peroxygen 
Chemicals - NIAGARA CHEMICAL Insecticides, Fungicides and Industrial Sulphur ® FAIRFIELD CHEMICAL Pesticide Compounds 


Circle 292 on page 


Alkalis, Chlorinated Chemicals, Carbon Bisulfide 


17 


e 









Low 


Tolerance 
for Strip? 








You'll Love 


Performance 


With the installation of the first Accu- 
Ray Nuclear gauge ever employed in 
the non-ferrous industry, Somers is able 
to control the thickness of thinstrip to 
the hundred-thousandth even on pro- 
duction runs. 

This is typical of the modern equip- 
ment and the careful quality control 
that enables Somers Brass to produce 
the one thinstrip job in ten that must 
meet exacting standards with absolute 
uniformity. 

If you are now using or anticipate the 
need for thin gauge brass, nickel, copper 
and alloys with extremely close toler- 
ances write for the Confidential Data 
Blank. There is no cost or obligation. 





Somers Brass Company, Inc. 
BALDWIN AVE. WATERBURY, CONN, 
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Calendar of Meetings 


Sept. 4-6—AIEE-IRE Magnetic 
Amplifier Conference, Penn-Sheraton 
Hotel, Pittsburgh. 


Sept. 9-13—Instrument Society of 
America, Instrument - Automation 
Conference and Exhibit, Cleveland 
Auditorium, Cleveland. 


Sept. 17-18—Symposium on Nu- 
merical Control Systems for Machine 
Tools (Electronic Control & Data 
Processing) ; Radio-Electronics-Tele- 
vision Manufacturers 
(EIA), Ambassador 
Angeles. 


Association 


Hotel, Los 


Sept. 23-25—Fall Meeting, Amer- 
ican Society of Mechanical Engi- 
neers, Hotel Statler, Hartford, Conn. 


Sept. 23-25—Sixth Annual Meet- 
ing; Standards Engineers Society, 
Hotel Commodore, New York. 


Sept. 24-25—AIEE-IRE Industrial 
Electronics Conference, 
Hotel, Chicago. 


Morrison 


Oct. 7-9—National Electronics Con- 


ference, Hotel Sherman, Chicago. 


Oct. 9-1 1—AIEE Feedback Control 


Conference, Claridge Hotel, Atlantic 
City, N. J. 


Oct. 10 —AIEE Reliability and 
Quality Control in Electronics Con- 
ference, Silver Spring, Md. 


Oct. 16-18—Symposium on Com- 
puters in Control; AIEE Feedback 
Control Committee with participa- 
tion by the IRE professional group 
on Automatic Control and the 
ASME-IRD; Chalfonte-Haddon Hall 
Hotels, Atlantic City, N. J. 


Oct. 17-18—National Conference 
on Industrial Hydraulics, Armour 
Research Foundation, 
Hotel, Chicago. 


Sherman 


City College of New York; “Modern 
Textile Motors.” by J. B. Wren, West- 
inghouse Electric Corp.; and “Research 
Techniques in Modern Machinery De- 
velopment,” by Victor Sepavich, Cromp- 
ton & Knowles Corp. 

Other features of the program in- 
clude a President’s Luncheon on Sept. 
23, when William F. Ryan, president of 
the ASME, will address the group; 
banquet will be held on the 24th. 

Additional information may be ob- 
tained from the American Society of 
Mechanical Engineers, 29 West 39th 
St., New York 18, N. Y. 


Oct. 21-23—Annual Meeting of the 
Conference on Electrical Insulation; 
National Academy of Sciences-Na- 
tional Research Council, Pocono 
Manor Inn, Pocono Manor, Pa 


Oct. 28-30—Annual East Coast 
Conference on Aeronautical and 
Navigational Electronics; Co-spon- 
sored by the Baltimore Section of 
the IRE and the Professional Group 
on Aeronautical and Navigational 
Electronics; Fifth Regiment Armory, 
Baltimore. 


Nov. 4-8—National Metal Exposi- 


tion, Chicago. 


Nov. 11-15—National Electrical 
Manufacturers Association, Annual 
Meeting, Traymore Hotel, Atlantic 
City, N. J. 


Nov. 13-15—Eighth National Con- 
ference on Standards, American 
Standards Association, St. Francis 
Hotel, San Francisco. 


Nov. 17-21—National Plastics Ex- 
position International Amphitheatre, 
Chicago. 


Nov. 18-20—AIEE-IRE-APS ONR 
Magnetism and Magnetic Materials 
Conference, Sheraton-Park Hotel, 
Washington, D. C. 


Nov. 18-21—Conference on Magne- 
tism and Magnetic Materials; Amer- 
ican Institute of Electrical Engi- 
Sheraton-Park Hotel, Wash- 
ington, D. C. 


neers; 


Dec. 9-12—Eastern Joint Com- 
puter Conference & Exhibit; Insti- 
tute of Radio Engineers, the As- 
sociation for Computing Machinery, 
the American Institute of Electrical 
Engineers, and the National Simula- 
tion Council, Sheraton-Park Hotel, 
Washington, D. C. 


Sperry Award Recognizes 

Complexity of Design Engineering 

“For developing the Diesel-electric lo- 
comotive which helped revolutionize 
American railroading,” three of the 
early engineering and managerial per- 
sonnel of the Electro-Motive Division of 
General Motors and four sections of the 
engineering department of the Corpora- 
tion will receive the 1957 Elmer A. 
Sperry Award. 

Robert B. Lee, chairman of the 
Sperry Board of Award, pointed out 
that, for the first time, a major engi- 
neering award will go not to one per- 
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Se TuiT CRC rea CCT CO 


TU Yellows 


Built, tested, and certified* to such rigid specifications as AIA, RETMA, JAN-R-19, MIL-E-5272A, and 
other applicable military specifications, this new line of pots packs reliable performance into tight spots. 
*Complete test data available on request 


Waters PRECISION MINIATURE POTENTIOMETERS 








WP % WP 1s WP 1% WP 1% 
Sizes from 12” to 1548”... values from '2 ohm to S5OOK ohms . high-precision 
linear and non-linear . . . write for catalog that describes the complete line. 


Waters ROTARY TRIMMER POTENTIOMETERS 





UPA it 
é ? 8 rol 10! 
iiL4., 
. SS 
AP 1% AP 1 AP 1/6 RTS % RT % AP 
. include the most compact half-inch pot on the market . . . resistances to 500K . non-linear models 
. bushing, servo, or 3-hole mount . . . solder terminals or wire leads . . . write for complete catalog 


Waters LOW-TORQUE PRECISION POTENTIOMETERS 


Ball-bearing and jewel-bearing models for ultra-low torque 
. servo or 3-hole mounting . . . solder terminals or 


wire leads. 


TUTTE eee 
pV) U0 eAap UA PETE AU eae ayer ep NY 
Check Waters first for all your single-turn-pot needs. 
Big-pot performance in miniature-pot size. 


Valor 3 


MANUFACTURING, inc. 


Wayland, Massachusetts 
APPLICATION ENGINEERING OFFICES IN PRINCIPAL CITIES 





tT % 
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son but to a number of individuals and 
groups for their parts in a complex 
project. 

The three leaders who are to share 
= in the award are: Harold L. Hamilton, 
: Los Altos, Calif.. retired vice president 
4. sf of General Motors and founder of 
| Electro-Motive. Richard M. Dilworth, 
retired, who was chief engineer of 
Electro-Motive from 1926 to 1951, and 
Eugene W. Kettering, now director of 
research. Electro-Motive Division at 

LaGrange, Ill. 


RELAYS 


are Our 


LUN 


SUIT 


For years we've been custom- 
making relays to fit a wide 
range of applications. Man- 
ufacturers from coast to coast 
patronize our shop. They say 
we suit them to a ‘“T’’. Our 
master craftsmen are ready to 
create a relay styled exactly for 
you ...in size, in perform- 
ance, in price. 















The four sections of the Engineering 
Department of Electro-Motive cited as 
having made major contributions to the 
achievement are: Controls Section; 
Electrical Engineering Section; Loco- 
motive Section; and Mechanical Engi- 
neering Section. 

The 1957 awards will be formally 
presented during the 1957 Fall General 
Meeting of the American Institute of 
Electrical Engineers at a special lunch- 
eon at the Morrison Hotel in Chicago. 
Oct. 10. 


Audio Engineering Society Prepares 
For October Convention 


Between 50 and 60 papers will be pre- 
sented at the 1957 Convention of the 
Audio Engineering Society, covering a 
wide range of topics in such areas as 
disk and tape recording, reception. 
components and systems, noise control 
and acoustics. 

The meeting, to be held Oct. 9-12. in 
the New York Trade Show Building. 
will run concurrently with the New 
York High Fidelity Show. The latter is 
sponsored by the Institute of High 


Fidelity. 


National Electronics Conference To Cover 
International Geophysical Year Studies 


Radio astronomy, an important factor 
in the International Geophysical Year 
studies, will be the subject ot one ol 
two tutorial sessions at the 13th annual 
National Electronics Conference at the 
Hotel Sherman in Chicago, Oct. 7-9. 

Ninety-four technical papers provid- 
ing coverage of electronic research, de 
velopment, and application—as well as 

; ; ; f a luncheon—will complete the three-day 
rp : 7 program. 

Three papers dealing with the solar 
and stellar phenomena aspects of radio 
If you have a “hard-to-fit” astronomy will be presented Oct. 7. 
relay problem, send details 
and get our recommendations. 
No obligation. 


The second tutorial session is entitled 
“Solid State.” Speakers at this session, 
scheduled for Oct. 8, and titles of their 
papers, are: A. E. Slade, A. D. Little. 
Inc., Cambridge. Mass.. “Superconduc- 
tivity and its Applications to Electronic 
Industry”: H. F. Ivey, Westinghouse 
Electric Co., Bloomfield, N. J., “Elec- 


OMAT evecrric COMPANY troluminescence”; and K. H. Butler, 


3349 ADDISON ST., CHICAGO 18, ILLINOIS Sylvania Electric Products, Inc., Bay- 
side. N. Y.. “Luminescence in Solids.” 






Technical discussions will also be 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING concerned with transistor circuitry and 
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WAGNER ELECTRIC MOTORS...THE CHOICE OF LEADERS IN INDUSTRY 


Reduce Down Time=—Power your Product 
with Dependable Wagner Motors 


Sixty-six years of experience goes into the building of Wagner Motors. Their reputation 
for reliability, their electrical characteristics, price and prompt delivery make them 
a sound choice for your product. 


Whatever your motor requirements may be—single-phase or polyphase... % or 500 
horsepower— Wagner can offer a standard motor that is entirely dependable in its 
specific application. A few of the many motors in the Wagner line are shown below. 


FRACTIONAL HP INTEGRAL HP 


DRIP-PROOF 
























TYPE DP—Sauirrel-cage Induc- 





tion, corrosion resistant cast iron 
ae frames. 1 through 125 horse- 
% 7 . power. 
¥ TYPE RK — Capacitor-start Induction. 
ye For general purpose applications. 
< Single-phase. Rigid or resilient mount- 


ing. 48 frame: Ye or % hp. 56 frame: 
Va through % hp. Also available in inte- 
gral ratings through 5 hp. 


TOTALLY ENCLOSED 
.FAN-COOLED 


TYPES EP 
AND JP 
Standard and 
explosion- 
proof. Squirrel- 
cage Induction, 
corrosion re- 
sistant cast iron 
ribbed frames, 
1 through 30 
hp—smooth 
frames, 40 
through 250 
hp. 





2 TYPE RA — Repulsion-start Induction. 
For general purpose applications. 
tage Single-phase. High starting torque— 
low starting current. Y% through % hp. 
Also available in integral ratings 
through 15 hp. 





OPEN TYPE POLYPHASE SQUIRREL CAGE 


TYPE RP—Drip-proof. Suitable for all genera! 
purpose applications. Available in ratings 150 
through 500 hp. 





OTHER WAGNER MOTORS 


‘>. TYPE RB — Split-phase Induction. For 
e easy starting applications. Single- 
phase, resilient mounting. 48 frame: 
Ve, Va or Ys hp. 


In addition to a complete line of standard motors, Wagner also 
furnishes Increment Type Motor and Starter Combinations... 
Wound Rotor Polyphase Motors...Jet Pump Motors... Vertical 
and Flange Mounted Motors... Hermetic Motors... Gear Motors 


and Direct-Current Motors. Consult the nearest of our 32 branch 





offices, or mail coupon today for full information on the complete 


Re 





Wagner line. 


TYPE RP — Polyphase Squirrel-cage 
Induction. General purpose, normal 
torque. 56 frame: 4 through % hp. 


mompeeceene © 


Wasner Electric @rporation 


Sul | 

— | 6454 Plymouth Ave., St. Lovis 14, Mo. 
| Please send Bulletin MU-185 on your complete line of Motors. 
| NAME “ <i 
| POSITION___ iain aaa 
| COMPANY és ‘cai ™ 
| ADDRESS___ aie cients Riaiiniiseinaininnaniddigpenaiiieititil 


CITY & STATE_ laisse 





SEPTEMBER 1957 Circle 296 on page I7 291 








Vv SSeS eS OSes CU oe 





I-§ Beryllium Copper | 
compression springs ore - high strength . 
W high conductiy; 

] vi 
W uniformity - 
Vv reduced set and dri 
r 
¢ close tolerances - 
W long endurance life 


— 


hardened after forming Fesistance of Corrosion 


Stability at elevated | 
. temperatures 
reduced inspection ang 
assembly costs 
Space required 
of springs 


10 G tensile Strength of 
785,000 to 220,000 psi 
The resultant Springs offer 


youm 
ony odvantages ah <4 less 


I-§ Micro-Processed b 
SPrings for many appl 
ond meters — relays 


eryllium co 


. : Pperc * 
ications , , er uetlon's 


* TOr pumps and y 
ushes — switche 


Prings are the; 
iuas P e ideal 


Ss and 
En ; ’ man 
gineer's Assortment , ae y others, 
ee i¢ro-Processed b : 
sPrings—50 : eryilium cop 
44—10 help sove pt, diferent Write ia compression 
time and money on duvide n No. 97. 
_ eee ment work, 





| Specialties Co Ine. 


M254 BERGEN BLVD., LITTLE FALLS, NEW JERSEY 
Telephone Little Falls 4-0280 





| 
J 
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AGS 


TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of Cl is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 







= 
= 
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applications, communications, servo- 
mechanism applications, audio, semi- 
conductor devices, microwaves. com- 
puters, and radar and radio navigation. 

Other sessions will cover instrumenta- 
tion, electron tubes, circuit theory, 
magnetic amplifiers, and network syn- 
thesis. 

A record 245 commercial exhibits 
will be on display at the conference. 

Advance registration rate of $20.50 
covers all luncheons, the NEC annual 
party on Oct. 8, and the technical 
sessions. 

Advance registrations may be made 
until Sept. 27 at National Electronics 
Conference, Inc., 84 E. Randolph St., 
Chicago 1, Ill. 


Peter Muller-Munk Named President 
of World's Design Societies 

Pittsburgh designer Peter Muller-Munk 
has been named the first president of 
the International Council of Societies 
of Industrial Designers following an 
organizational meeting held in London. 

Organized as a temporary body in 
1956. the ICSID was established per- 
manently this June for the purposes of 
setting professional standards of per- 
formance and business conduct that 
will be recognized internationally; to 
help world industries to evaluate the 
benefits of industrial design; and to 
serve as a source of interchange for 
significant trends, ideas and activities 
in the international design field. 

The committee includes representa- 
tives from Italy, Norway, England. 
Pakistan, Sweden, Denmark, Holland, 
Japan, India, Belgium, France, Ger- 
many and the United States. 

Mr. Muller-Munk, who will serve for 
a two-year term, is a fellow and past 
president of the American Society of 
Industrial Designers, and is chairman 
of foreign affairs for the society. 


Electronic Association Gives Engineering 
Scholarships to 18 Universities 

The West Coast Electronic Manufac- 
turers Association has given 18 western 
universities major scholarship grants 
for deserving engineering students. The 
donations to the schools will permit as 
many as thirty-two qualified students to 
attend engineering schools during 1957- 
58. 

Funds for the Annual WCEMA 
Scholarship Program come from dona- 
tions made by member companies of 
the Association. 

The schools scholarship 
grants for the 1957-58 school term are: 
University of Arizona, University of 
British Columbia, University of Califor- 
nia at Berkeley, UCLA, California In- 
stitute of Technology, California State 
Polytechnic College, University of 
Idaho, Lovola University of Los Angeles, 
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»» SeENDUST POWDER CORES 





Try 
SENDUST CORES 


in these typical 
applications 


® Cores for loading coils 
® Cores for filter coils 


® Transformer cores for 
voice and carrier 
frequencies 


Write for a copy of the Sendust 
Core Bulletin SDC-110, contain- 
ing data on standard core sizes, 
electrical and magnetic properties, 
standard permeabilities, etc. 


ADDRESS DEPT. EM-79 
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They use NON-STRATEGIC MATERIALS 
...you can avoid alloy shortages 


Arnold sells SENDUST Powder Cores in 
this country under exclusive license from 


The Tohoku Metal Industries Co., Ltd., of 


Japan. They are available in a wide selection 


of sizes, ranging from .800" O.D. to 3.346” 
O.D.—and in permeabilities of 10, 13, 25, 
30, 50 and 80, although not all sizes are 
available in all permeabilities. 

SENDUST cores possess magnetic proper- 
ties that are generally superior to iron powder 
cores, but inferior to Mo-Permalloy powder 
cores in the audio and carrier frequency 
range. The eddy current loss for SENDUST 
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cores is lower than that of Mo-Permalloy 
powder cores, but the hysteresis loss of 
SENDUST cores is substantially higher, and 
they also have higher values of electrical 
resistivity. In other characteristics of powder 
cores, the two types are somewhat similar, 
but SENDUST cores contain no 
Strategic materials and can offer a core source 
in times of alloy shortage. 

Sample SENDUST cores as well as pro- 
duction quantities are available from stock. 
For more detailed information, send for technical 
data sheet SDC-110. 


carce or 


WSW 6320 








PIC Endurance Rated Counters 
to "Fit every need 


Super-Wizard Electric Counters 


200 Million 
Count Life. 


The real heavy duty 
electric counter 
unapproached 
leader for over 25 
years 


5 watts power con- 
sumption 
Quiet, no AC hum 


Available for all standard voltages and fre- 
quencies including DC. 


ahem lO Mal nce icles 


QUIET 
no AC hum 


50 Million Count Life 


Tested at 1000 CPM; reliable at much higher 
SUSE re 


Only 7 watts power consumption. 


Um MU em eT ee em ce 
OTe male) ae 8) Om 


Mercury Electric Counters 


Small, compact counters 
for use where space is 
limited and duty ts light 
to moderate. 


Extensively used for lab- 
oratory service, also for 
built-in application on 
office machines, light in- 
dustrial equipment, and 
vending machines of all 
kinds 


Knob Reset models rated 
6 million counts, Non- 
Reset, 3 million 





Silver King Stroke Counters 


The 
Tatas 
Stroke 
TB 


A ae ~ 


UST Meu Mee ee 
EMEC UMUC aL 
casting and plastic molding plants, and 
Fle Oe mm eke 


Silver King Revolution Counters 


Rugged as a 
bull dozer. 


Operate 
smooth as 
a watch. 


200 Million Count Life 


Used on measuring machines and coil 
winders, for revolution counting on engines, 
pumps, etc. and for tool registration. 


TT CMO LCM Gly 


Small, light to moderate 
duty mechanical stroke 
Ce mS MOL 1g 
See Cem mela 
ie uel ee 


TONER are Ley 
Seca ee Oe ee 


“application on office ma- 


chines, light industrial 
equipment, etc. 


Reset models have 6 
million count life: non- 
reset models 3 million 


See your PIC Distributor or send for the PIC catalog describing 
Electric Counters and Actuators; Mechanical Stroke and Revolu- 
tion Counters; and electrically operated Automatic Batch Counters. 


qe ttilin. Padtiimendt 


DIVISION OF GENERAL CONTROLS CO. 


8074 McCormick Boulevard, Skokie, III eS 


manufacturers of counting instruments for every purpose 


42 Branch Offices and Representatives serving USA and Canada 
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Oregon State College, San Diego State 
College. University of San Francisco, 
San Jose State College, University of 
Santa Clara, 
California, Stanford University. Univer- 
sity of Utah, Utah State Agricultural 
College. and University of Washington. 


University of Southern 


The dean of engineering in each 
school selects the students to receive 
the awards, which are given to freshmen 
and sophomores, or juniors entering 
from junior colleges. 

The West Coast Electronic Manufac- 
turers Association, which has 240 com- 
pany members located in the major 
western industrial cities, maintains an 
office in Los Angeles and San Mateo, 
California. 


Standards Engineers to Consider Use of 
Standards for Effective Application of 
Man- and Machine-Power 


Methods and problems of applying 
standards to use manpower and ma- 
chine power most effectively are to be 
considered at the Sixth Annual Meeting 
of the Standards Engineers Society. 
Hotel Commodore, New York. Sept. 
23-25. 

Starting with management's problems 
with standards and management atti- 
tudes toward standards, the program 
will take up relationships between com- 
pany departments. sources of informa- 
tion for standards, and methods of 
making standards available, including 
machine methods. A special session will 
be devoted to the problem of reliability. 
The discussions will conclude with a 
session on cost reduction. 

One of the features will be an awards 
luncheon at which outstanding stand- 
ards personalities will be honored. 


Computers in Control—Theme of 
October Engineering Meeting 


Symposium on Computers in Control 
to be held at the Chalfonte-Haddon 
Hall Hotel, Atlantic City, Oct. 16-18. 
1957, will emphasize the use of digital 
and analog computers, both as elements 
of feedback control systems and as uti- 
lized in the design of such systems. 
The meeting is sponsored by the 
AIEE Feedback Control Systems Com- 
mittee. with participation by the IRE 
Professional Group on Automatic Con- 
trol and the ASME-IRD. r 
Some 35 technical papers will be 
presented by leading American and 
foreign experts. 
technical session 
Wednesday afternoon will be followed 


The opening 


by a banquet Wednesday evening. 
Technical sessions on Oct. 17. will 
culminate in a panel discussion that 
“Fitting Computers Into 
with Harold Chest- 
nut of General Electric as moderator 
and including participation by Eugene 


Grabbe of Ramo-Wooldridge, E. James 


evening on 
Control Systems,” 
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ANACONDA PROTECTS THE POWER 
WITH ENJAY BUTYL RUBBER 


Talk about impact resistance! The 5-year-old Araconda 
cable supplying this giant shovel with power was buried 
under thousands of tons of rock when a whole wall of 
the open pit mine caved in .. . yet the cable continued to 
supply power! This is one of the many Anaconda prod- 
ucts featuring Enjay Buty] for outstanding performance. 
Enjay Butyl is unmatched in its resistance to impact 
and abrasion, moisture and weathering, ozone and 
corona... properties that make it the world’s out- 
standing rubber value. 
Ee Low in cost and immediately available in a grade 2 U T Y L 
ices for your electrical application, Enjay Buty] is the rubber to boost 
performance and cut costs. For further information, and for expert technical 


assistance, contact the Enjay Company. Enjay Buty] is the world’s greatest rubber 


value ...the super-durable rubber with 
Pioneer in Petrochemicals outstanding resistance to aging + abra- 

sion « tear « chipping « cracking + ozone 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. and corona + chemicals + gases + heat + 
Akron Boston* Chicago * Detroit * Los Angeles * New Orleans + Tulsa cold + sunlight + moisture. 
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Now we can take care of the 


requirements 


TYPE R 


Types R, S and V 
Sarkes Tarzian 


SILICON 
RECTIFIERS 


. have a voltage range 
from 50 to 300 volts peak 
inverse at current ratings 

of 20 amperes for 
the ““R” series, 
35 amperes for 
the “‘S” series 

and 100 amperes for 

the “V” series. 
Positive or negative base 
polarities are available. 
Complete data sheets 
are available on request. 
Please write for 
information. 


| | Rectifier 
Y arzian.. Division 


DEPT. M-3 415 N. COLLEGE, BLOOMINGTON, IND. 


IN CANADA: 700 WESTON RD., TORONTO 9, TEL. 2-7535 e EXPORT: AD AURIEMA, INC., NEW YORK CITY 
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of DuPont, John Moore of Autonetics 
Division of North American, J. F. 
Rientjes of M.I.T., E. L. Harder of 
Westinghouse, H. T. Marcy of I.B.M. 
and J. R. Ragazzini of Columbia Uni- 
versity. Friday morning will be de- 
voted to the closing technical sessions. 

A portion of the papers to be pre- 
sented at the conference are available 
in reprint form from the AIEE: the 
Proceedings of the Conference will be 
published by the ATEE during the first 
part of 1958. 


RETMA Members Vote Change in Name 
to Electronic Industries Association 


By an overwhelmingly favorable vote, 
members of the Radio-Electronics- 
Television Manufacturers Association, 
Washington, today voted at a proxy 
membership meeting to change the 
name of the 33-year-old industry or- 
ganization to the Electronic Industries 
Association. The name change will be- 
come effective upon approval of a 
charter revision by the state of Illinois, 
where the Association is incorporated. 

The new name marks the fourth 
change since the founding of the Asso- 
ciation in Chicago in 1924 as the Radio 
Manufacturers Association. In 1950 
“Television” was added, and in 1953 
“Electronics.” 

Members simultaneously approved 
by-law changes formalizing changes in 
the names of two of its five divisions. 
The Set Division now becomes the Con- 
sumer Products Division, while the 
Tube Division expands to the Tube and 
Semiconductor Division. 

The change from RETMA to the 
Electronic Industries Association was 
recommended by a unanimous vote of 
the Board of Directors on May 17, and 
it reflects the majority view that the 
term “electronic” is generally under- 
stood as descriptive of the growing vari- 
ety of electronic products including 
older radio and television equipment 
and components. 

EIA, as has RETMA, will continue 
to represent manufacturers of electronic 
equipment and parts in the home enter- 
tainment field as well as the newer mili- 
tary and industrial electronic producers. 

The first quarterly meeting of the 
Association under its new name will be 
held Sept. 10-12 at the Ambassador 
Hotel in Los Angeles. These meetings 
will coincide with the all-industry cele- 
bration of National Television Week, 
Sept. 8-14. 


ASME Appoints Assistant Secretary 
Appointment of John D. Wilding to the 
post of Assistant Secretary has been 
announced by the American Society of 
Mechanical Engineers. 

Mr. Wilding, a member of the ASME 
staff since 1954, will be in charge of the 
society's Codes and Standards Service, 
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CTC coil forms with Perma-Torq* Tensioning Device are designated PLST, PLS-6, PLS-5, PLS-7, PLS-8 and are 


aa assembled to mounting studs. The units are completely interchangeable with CTC’s LST, LS-5, LS-6, LS-7 
an 5-8. 


Reliability is their family resemblance 


Here’s a reliable family of coil forms 
ready to meet your specifications. 
These Perma-Torqg Tensioning Devices 
on CTC coil forms allow locking of tun- 
ing cores while still tunable — and you 
one Angee upon them to do their job 
well. 

This built-in dependability is a result 
of CTC’s unique design plus quality 
control — that meets or betters gov- 
ernment specifications. 

Perma-Torq is a compression spring 
of heat treated beryllium copper, that 
has a very high resistance to fatigue and 
keeps coils tuned as set — even under 
extreme vibration and shock. The de- 
vice also allows for immediate readjust- 
ment — without removal or loosening 
of any mounting nut or locking spring. 

Quality control and features like the 
above are just two of the reasons why 
CTC can offer you guaranteed standard 
or custom electronic components — 
whose performance you can rely upon. 

CTC researchers and practical ex- 
perts are always available to help you 
solve your component problems. For 
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all specifications and prices, write 
Cambridge Thermionic Corporation, 
453 Concord Ave., Cambridge 38, Mass. 
West Coast stocks maintained by E. V. 
Roberts and Associates, Inc., 5068 
West Washington Blvd., Los Angeles 
16, and 61 Renato Court, Redwood 
City, California. 


CTC miniature shielded coil forms are rugged and 
perfect for ‘‘tight spots.’’ The LS-9 is A.” diam- 
eter 44" high. LS-10 is 54" diameter x !%." high. 
The LS-11 is %.6" x 17/22. The LS-14 is double 
ended and is %" OD, 1 and %,4" overall in length. 
All are highly shock resistant with mechanically 
enclosed protected coil windings. The units are 
ideal for use with IF strips or as RF coils, oscilla- 
tor coils, etc. Available as coil form assemblies or 
wound to your specifications. 


*Patent pending. 


CAMBRIDGE THERMIONIC CORPORATION ~ 


makers of guaranteed electronic components 
custom or standard 
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TLE 


MJT 


in component 
packaging . .. 


FEATURING: 
@® Automatic clip assembly 
@ Automatic connector cutting 
@ Automatic component soldering 


RESULTS: 
@ Lower production costs 


@ Higher reliability in solder connections 
@ Easier servicing 


ERIE supplies the customers’ complete component pack- 
age: electronic components, molded plastic parts, metal 
stampings, and embossed wiring boards available from 
various ERIE divisions; as well as other components pur- 
chased from other manufacturers. 


For more complete information regarding the ERIE 3976 Strip Package, 
and its practical application in the solution otyew individual problems, 


write to Engineering Department, Electro-Mechanical Division, Erie 
Resistor Corporation. 


et ee ig Te be 


ERIE RESISTOR CORPORATION 
Main Offices: ERIE, PA. 
tories ERIE, PA. © HAWTHORNE, CALIF 
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which coordinates the activities of more 
than seventy-five committees under 
ASME sponsorship engaged in prepar- 
ing and revising codes and standards 
dealing with mechanical equipment of 
many kinds. including screws and other 
items. He is a graduate of the Pennsyl- 
vania State University. where he re- 
ceived a Bachelor of Science degree in 
electrical engineering. 


IRE Instrumentation Conference 
Recognizes Emergence of South 

in Field of Electronics 

In recognition of the growing import- 
ance of the South in electronics, the 


Third Annual IRE Instrumentation Con- 


ference will be held this year in 
Atlanta, Georgia, November 11-13. 

Theme of the conference will be 
Instrumentation for Data Handling. 
Special symposiums are being planned, 
including one on Electronic Instrumen- 
tation as Applied to Medicine. 

Chairman of the Conference, which 
will meet at the Atlanta Biltmore Hotel, 
is B. J. Dasher. director, Georgia Tech 
School of Electrical Engineering. Off- 
cer in charge of papers is Lamar 
Whittle. Federal Telecommunications 
Laboratory, 1389 Peachtree St., At- 
lanta. 


Symposium on Industrial Electronics 
Set For Sept. 24-25 in Chicago 

Main theme of this year’s Symposium 
on Industrial Electronics are the charac- 
teristics, use and integration of trans- 
ducers into complete systems to measure 
and control complete processes. Sixteen 
papers will be presented in four ses 
sions. each session devoted to a group 
of transducers or control systems. The 
“systems” approach will be stressed in 
a number of papers. 

A number of prominent speakers. 
nationally recognized for their contribu- 
tions in the industrial electronics field, 
have already accepted invitations to 
speak. 

Dr. John D. Ryder, Dean of Engi- 
neering of Michigan State University 
and past president of the IRE, and 
Albert E. Sperry, president, Panellit, 
Inc. and past president of the Instru- 
ment Society of America, have accepted 
invitations to address the luncheon 
meetings on the 24th and 25th, respec- 
tively. 

The Symposium is sponsored — by 
Professional Group on Industrial Elec- 
tronics—IRE, AIEE, Chicago Sections 
of the AIEE and IRE. 


Machine Tool Automation Symposium 
Program Detailed by EIA 

One feature of the up-coming Electronic 
Industries Association (formerly RET- 
MA) sponsored technical symposium 
“Numerical Control Systems for Ma- 
chine Tools”. to be held at the Am- 
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If it’s precision you're after, 


call a Hoover Man 


Some people are exacting about every- 


thing they do. Precisely the way we 
feel about Hoover castings—alumi- 
num and zinc alloy ones, that is. 


We’ve been producing precision cast- 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


ings for virtually every major indus- 
try in the country for 35 years. Why 
not try us out? Just get in touch with 
us and let one of our Sales Engineers 
give you the whole story. 


© 


In Canada, Hamilton, Ontario 


DIE CASTING » HOOVER 
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EXCLUSIVE 
ADVANCEMENTS 


* Up to 50 channels of information 
* Uses standard 102 Galvanometers 
* Provides timing lines, record numbering and many other advancements 
! a 30,000 inches per second writing speed with excellent legibility dc to above 3,000 cps 


* Seven inch or twelve inch records 


Wire for Brochure: FAX-FCB TULSA 


OTL TALULA 


V 
|| fo Ve Me de, eo 33 
P O.BOX 7186 TULSA, OKLAHOMA 
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PERFORATED 
MATERIALS 


HeK 


Utility - Beauty - Economy 
FOR TOMORROW'S PRODUCTS 


A MEDIUM OF 
LIMITLESS 
APPLICATIONS 


Designers are discov- 
ering an ever-increas- 
ing range of applica- 
tions for perforated 
materials. For func- 
tional or decorative 
purposes, or where a 
combination of both is 
essential, H & K per- 
forated materials are 
used in more products, 
in more accessories, 
in more places than 
ever before. 


REDUCES 
TOOLING COSTS 


Design, pattern and 
open area for almost 
every application may 
be selected from our 
thousands of perforat- 
ing dies—at no charge 
for tooling. (Tools for 
special designs can be 
built to order.) 


MATERIALS 
PERFORATED 
Harrington & King can 
perforate practically 
any metallic or non- 
metallic material that 
can be obtained in 
coils, sheets or plates 
. from foil-thin to 1” 
thick. 
H & K engineers will 
be pleased to work 
with you on your re- 
quirements. 


See our catalog in Sweet's 
Product Design File. 


Fill in and mail coupon to Listed Under 
the nearest H & K office. ‘Perforated Metals” 


ae) 
arrington & ing 


eesti rine co. Inc. 


| Chicago Office and Warehouse New York Office and Warehouse | 
5657 Fillmore Street 112 Liberty Street 
Chicago 44, Hil. New York 6, N.Y. 


Please send me— 

[_] GENERAL CATALOG NO. 62 

[_] STOCK LIST of Perforated Steel Sheets 
NAME____ 

TITLE 

COMPANY 


STREET__ 


a ZONE_ STATE 
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bassador Hotel, Los Angeles, Sept. 17- 
18, is a group of round-table discussions 
to enable prospective users of tape- 
controlled machine tools to interrogate 
both tool and control manufacturers. 

In view of the spirited competition 
between manufacturers for a toe-hold 
in this new activity, a series of lively 
meetings is anticipated. 

Details of the program and speakers 
were released today and invitations are 
being sent to members of the partici- 
pating organizations, including the 
Aircraft Industries Association, the 
National Machine Tool Builders Associ- 
ation, the National Electrical Manufac- 
turers Association, the Office Equipment 
Manufacturers Institute—in addition to 
EIA. 

An attendance of as many as 500 
people from the cooperating organiza- 
tions has been forecast. The chairman 
of the AIA subcommittee on numerical 
control will give a 15-minute discussion 
of AIA activities, following which three 
or four aircraft company representatives 
will join him in a round-table discussion 
of how the aircraft companies are im- 
plementing their numerical-control pro- 
grams. 

Also scheduled is a meeting on: re- 
lated development in electronic control 
of machine tools. 

Field trips to see numerically con- 
trolled machine tools will be made. 


Proceedings of RETMA Symposium on 
Applied Reliability Available 

Papers delivered at the RETMA Sym- 
posium on Applied Reliability held in 
Los Angeles, December 1956 and spon- 
sored by the Engineering Dept. of the 
Radio-Electronics-Television Manufac- 
turers Association, have been published 
in their entirety. Included in the book 
is a 46-page supplement entitled “A 
General Guide for Technical Reporting 
of an Electronic Systems Reliability 
Measurements” prepared by members 
of the Systems Reliability Analysis 
Task group of RETMA’s Electronic 
Applications Committee. The general 
subjects covered include mechanical 
reliability, information feedback, field 
failure feedback, and component evalu- 
ation and usage. Copies may be ob- 
tained from Engineering Publishers, 
GPO Box 1151, New York 1, N. Y., at 
$5.00 each. 


Filler Metal Comparison Charts Available 
The American Welding Society has 
published a comprehensive set of 
welding rod and electrode comparison 
charts in a 24-page, 81% x 11 in. book- 
let. The brand names of 61 companies 
are included, 12 AWS-ASTM specifica- 
tions are involved and two indexes list 
brands as well as manufacturers’ names. 

This series of filler metal comparison 
charts was developed to supply an in- 


FOR SMOOTH, 
CONTINUOUS 
LINE VOLTAGE 
CONTROL OF 
HEAT, LIGHT, 
POWER, SPEED 


Adjust A-Yott 
TYPE 100 BU 


VARIABLE TRANSFORMER 


* COMPACT °* 
EASILY MOUNTED 


This highly efficient transformer is 
designed for single-hole, back-of- 
panel mounting for variable AC 
voltage control of up to 165 VA 
applications. 


The 100 BU features the LoRes 
alloy-plated brush track to assure 
long life and low maintenance by 
eliminating commutation service 
oxidation and deterioration. Its spe- 
cially designed rotor spring provides 
uniform pressure from full-brush to 
no-brush condition. It also incor- 
porates a new snap-in brush design. 


This compact transformer, which 
delivers any output from zero to 
17% above line voltage, contains 
high-performance strip silicon steel 
core. Coils are bank-wound on to- 
roidal machines of our own design 
and manufacture. 


To control larger amounts of power, 
our compact 300 BU is also avail- 
able with a maximum load rating of 
0.4 KVA. Write for the complete 
Adjust-A-Volt catalog. There’s no 
obligation involved, of course. 


STANDARD 


ELECTRICAL PRODUCTS CO. 
2240 E. THIRD ST., DAYTON, OHIO 
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PANELLITINC., 7401 N. HAMLIN, SKOKIE, ILL., WIRES-IN RELIABILITY WITH 


Cole (11 ee ee 


SWITCHBOARD WIRES 


IN THEIR CENTRAL CONTROL PANELS 


er rn I 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Wire — 
Solid or Stranded 


—— a 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Hinge 
Cable — Flexible Stranded 


ee 


Rockbestos N.E.C. Type TA Switchboard and Flexible 
Hinge Cable — Solid, Stranded and Flexible Stranded. 


USE THESE WIRES FOR 


¢ Switchboards, ¢ Control Panels for 
Switchgear and Motor Starters 


Control Panels « Elevators, Fire Doors, 


. a Cranes 
« Radio and Television 


Tocnaaaiabars e Hinged Connections on 
Swinging Meter Panels 


« Motor Driven Rheostats ¢ Motor Leads etc 
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Every detail, large and small, gets topmost attention 
in Panellit Control Systems to assure absolute 
reliability of operation . . . and wiring is one of the 
important details . . . That’s the reason they use 
exclusively Rockbestos A.V.C. Switchboard Wire 

— standard in the industry for more than 25 years. 


Permanently insulated Rockbestos A.V.C. will not 
crack or flow at high temperatures. What's more, 

the felted asbestos acts like a cushion so that neat, 
right-angled bends are made fast and without 
cracking. It's heat resistant too . . . will not ignite 
under an arc... . will not support traveling wire fires. 


Wire dependability and long life into your 
equipment with Rockbestos asbestos and varnished- 
cambric (N.E.C. Type AVB) or Rockbestos thermoplastic 
and asbestos (N.E.C. Type TA) switchboard wires. 
You'll find they are easier to install, safer and 
guarantee a better looking, longer lasting job. 


ROCKBESTOS 
PRODUCTS CORPORATION 


NEW HAVEN 4, CONNECTICUT 


NEW YORK « CLEVELAND « DETROIT « CHICAGO « PITTSBURGH « ST 


LOS ANGELES *« NEW ORLEANS + OAKLAND, CALIFORNIA «+ SEATTLE 
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What makes 
a relay RELIABLE? 


UNION engineers have been de- 
signing relays noted for highest 
reliability for more than 75 years. 
This experience has been applied 
to miniature relay design with 
outstanding success. 


To obtain reliable performance in every relay, UNION has developed 
excellent techniques for precision manufacture on a high-volume basis. 
Workers are provided with ingenious tools, jigs and fixtures for con- 
sistent accuracy. Special processes such as high-temperature baking and 
hermetic seal by welding of steel cases assure top relay performance. 


QUALITY CONTROL 


Scientific quality control practices and 100% testing to critical Military 
Specification requirements, including a hermetic seal test by mass 
spectrometer, assure standard quality in every relay. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 
PITTSBURGH 18, PENNSYLVANIA 
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ternational demand for answers to the 
following questions: What classification 
is Brand X? Does Brand X come with- 
in the same classification as Brand Y? 
Who makes it? Who distributes it? 

Over twelve months of research were 
necessary before this information could 
be obtained, checked, classified and 
assembled. 

The magnitude of the task can be 
judged by the fact that 12 AWS-ASTM 
classifications were involved. 

An important feature of the booklet 
is the ease with which brand identifica- 
tion can be made. An alphabetical index 
lists the brand names and another index 
lists full names and addresses of man- 
ufacturers. 

Copies can be obtained from the 
American Welding Society, 33 West 
39th Street. New York 18, N. Y. Price. 


$2.00 postpaid. 


Broad Program Outlined by New Powder 
Metallurgy Parts Group 


\ broad program of industry-sponsored 
technical studies, statistics, and educa- 
tional programs is being planned by 
the directors of the newly formed 
Powder Metallurgy Parts Manufac- 
turers Association. 

K. M. Gleszer, president of PMPMA 
and executive vice president of Dixon 
Sintaloy, Inc., subsidiary of Joseph 
Dixon Crucible Co., has announced the 
appointment of the following committee 
chairmen: Jesse Helsel, vice president, 
Ferro Powdered Metals, subsidiary of 
Ferro Corp.. membership committee: 
W.R. Toeplitz, president, Bound Brook 
Oil-less Bearing Co., technical com- 
mittee; M. T. Victor, president, Inter- 
national Powder Metallurgy Corp., sta- 
tistics committee; and Smith Bolton, 
president of the United States Graphite 
Co., chairman of the budget committee. 


Second World Metallurgical Congress to 
Draw Experts from 40 Nations 


Some 500 key metal scientists from 40 
nations will join thousands of engineers 
and other specialists in Chicago for the 
Second World Metallurgical Congress 
and the 39th National Metal Exposi- 
tion and Congress, Noy. 2-8. 

Acting as host to and sponsor of the 
second world conclave on metal re- 
sources and their conservation and ap- 
plication will be the American Society 
for Metals. The Metal Show, with 450 
exhibits, will cover 200,000 sq ft of 
floor space in Chicago’s International 
Amphitheatre. An attendance in excess 
of 50,000 is anticipated. 

Some 150 technical papers will be 
presented by the ASM and other co- 
operating societies participating in the 
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Another Application for FERRITES 


selects 


FERRAMIC’ CORE 


for Automatic Direction Finder 


< 


ice. 


Space saving is illustrated 
by the fact that the core 
loop antenna protrudes 
only 2” outside aircraft 
skin compared to the 12” 
exterior structure of older 
air core loop antennas. 


Streamlined loop design saves weight, 
reduces air drag and increases sensitivity 


Aircraft Radio Corp. selected General Ceramics 
Ferramic “E”’ Material for their new sub-miniature 
direction finder because it permitted a new concept 
of aircraft antenna design. Weight reduction of 
80%, less air drag due to elimination of the cum- 
bersome air core loop, and 50% lower cost were 


accomplished. Sensitivity was greatly increased. 
When your application involves magnetic material 
10 kes. to 20,000 mes. — 


Ceramics engineering advisory service for help in 


from ask the General 


solving your problem. Address inquiries to General 


Ceramics Corporation, Keasbey, N. J.— Dept. ME. 


GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress ... Since 1906 


MAGNETIC MEMORY 


FERRAMIC CORES CORES AND PLANES 
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ane es 
Best Suited For Your Job... 


Save time, money and mis- 
takes, insure trouble-free 
performance ... by using 
the Lovejoy Flexible Cou- 
pling Guide. You'll get the 
exact type and size for 
your particular application 
—plus all these Lovejoy 
features: 


No lubrication required. 


Simple, rugged construction— 
few parts, no intricate mecha- 
nisms. 


No wear on metal parts—the 
load is transmitted through 
cushions only. 


Double-life cushions—one half 
the cushions act as idlers, ex- 
cept on reversing loads. Thus, 
a quick interchange provides 
a new set of cushions. 


Cushions engineered to load 
and service conditions. 


A maintenance-free coupling 
that is completely machined 


for ease and speed of align- 
ment. 


@ Act now! Send for your 


ee Flexible Coupling 
pe)! 


acs 
« couruines 
| exenie Zz 


Guide today. 
REQUEST 
CATALOG 


Type L-070 is 
exactly fitted to the requirements 
of this gear pump 


Type C-152 gives P 
maintenance and trouble-free performance in 
a portable power unit. 


A genuine selling 

feature of this cen- 

trifugal pump is 

the spacer type RRL which permits quick, easy 
disassembly without disturbing piping. (Cour- 
tesy Dean Brothers Pumps, Inc 


The Type CF bolts 
directly to fly- 
wheel, reducing component requirements, 
cutting assembly time and providing a more 


compact unit 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 WEST LAKE STREET 


CHICAGO 44, ILLINOIS 
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Congress. Seventeen international panel 
discussions will be held. 

With the American Society for Met- 
als as participants in the five-day gath- 
ering, and holding scientific sessions of 
their own, will be The Institute of 
Metals Division of the American Insti- 
tute of Mining, Metallurgy and Petrol- 
eum Engineers, and the Society for 
Non-Destructive Testing. Headquarters 
for these two will be located at the 
Morrison Hotel. Also cooperating will 
be the Special Libraries Association, 
and the Industrial Heating Equipment 
Association. 

The United States Atomic Energy 
Commission is to exhibit as well as 
sponsor a series of special conferences 
on plutonium, on welding of rare 
metals, and on metallographic tech- 
niques required for radioactive ma- 
terials, subjects only recently declassi- 
fred. 

Headquarters for both the 2nd World 
Metallurgical Congress and the 39th 
Metal Show are at 7301 Euclid Ave., 
Cleveland, Ohio. 


Magnetic Amplifiers Subject of 
Special Technical Conference 


A special technical conference on mag- 
netic amplifiers will be held at the Penn 
Sheraton Hotel, Pittsburgh, Sept. 4-6. 

Sponsoring organizations include the 
American Institute of Electrical Engi- 
neers and the Institute of Radio Engi- 
neers. Among the scheduled sessions are 
the following: New Circuits and Tech- 
niques; Analysis and Design; and Ap- 
plication. 

Among papers to be presented is 
“Triggering in the Reversible Half- 
Wave Magnetic Amplifier” by D. L. 
McMurtrie and J. P. Ward, Raytheon 
Manufacturing Co. Topic of another 
paper by R. M. Hubbard and M. M. 
Bishop. Boeing Airplane Co., is “A 
Study of Magnetic 
Amplifier Design” will be discussed. 

Among other papers are “A Mag- 
netic Amplifier Limit Switch” and “Ap- 
plications of Non-Linear Magnetics.” 
“New Techniques in Designing Three- 
Phase Magnetic Amplifiers” is the 
subject of still another paper by W. H. 
Moore. Jack & Heintz. Inc. 


Conference 


Comprehensive 


Proceedings will be 
available at the Conference. Those not 
attending may order a copy by mail at 
a cost of four dollars a copy. Copies 
will not be mailed until after the Con- 
ference. Orders may be addressed to 
V. J. Louden, General Electric Co.. 1 
River Road, Bldg. 28, Schenectady, 


isan 


Postcard return cards are provided on 
page 17 as a convenience to the reade 
in obtaining further information on 
New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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WESTINGHOUSE 
SILICON RECTI- 
FIER WN-5082, 
with maximum 
peak inverse volt- 
age ratings of 
50-400 v. (300 to 
5000 amperes in 
bridge assem- 
blies.) 


WESTINGHOUSE SILICON RECTIFIER 
6-2-1-B BRIDGE ASSEMBLY 


Westinghouse SILICON” RECTIFIERS put 
more muscle in DC power converter! 


Successfully proven in rigorous welding, aircraft and guided 
missile applications, Westinghouse Silicon Power Rectifiers 
offer many advantages for power supplies. 


Used in the Westinghouse 50K W Power Converter to drive 
the boring mill above, the WN-5082 bridge assembly sup- 
plies greater power and higher efficiency in less space. The 
3-phase 60-cycle 440 v. power supply operates with a full 
load efficiency of 90% and an even higher half load effi- 
ciency. Regulation is approximately 8% from no load to 
full load with a Power Factor of 96 to 97. 


Especially rugged for varying duty cycles, the WN-5082 
withstands heavy loads of constant on-off operation, high- 
voltage transients, alternate heating and cooling. 


you CAN BE SURE...1F ITS 


Westinghouse 
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Westinghouse can supply single diodes or complete bridge 
assemblies built to your specifications. For full information 
on how Westinghouse Silicon Rectifiers can bring new 


efficiency and economy to your applications, mail the 
coupon today. 


Poon 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me data on the new Westinghouse WN-5082 
Silicon Rectifier. 


Please send me data on other Westinghouse Silicon 


Rectifiers. (Describe types or applications 





NAME 
Wi tiinsttnesenicinsenisicniimeinsiietimaniamemnenisce 
ADDRESS. 
city 


ZONE_____STATE 


ci iaeattnanrnannsvsntbisisen tianlian 
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MALY Ld 


MEGOHMMETER 


* Up to 50,000,000 megohms! 

* Test voltage variable 100-600 vdc! 
%* Uncrowded 4%" meter scale! 
* 
* 
* 


Automatic capacitor discharge! 
Safe test terminals! 
Only $365! 


Here’s the only high resistance megohmmeter 
selling at $365 with features not found on instru- 
ments selling for twice as much. Measuring 
range up to 50,000,000 megohms to meet the 
requirements of recent advances in insulating 
materials. The L-7 Megohmmeter is housed in a 
hardwood case with recessed vertical panel and 
convenient carrying handle 


Industrial Instruments has a wide selection of meg- 
ohmmeters for both laboratory and high-speed 
production testing. Choose the model that best 
suits your needs from this table of specifications. 


RANGE POWER 
“tow High Consumption | PRICE 
oo ree we 


100,000 meg 52 watts 
250,000 meg 


100,000 meg 


200 and 


500 fixed | 2.5 meg 


82 watts 


5x10’? ohms 75 watts 


Continuously variable, Built-in voltmeter for accurate setting 


Write today for complete catalog of 
Electrical Test Equipment manufactured by... 


AWM, 


TF 


Industrial 
Instruments inc. 


SMe Mr mee eT ML 


Circle 314 on page 17 


Men in Industry 


Reginald G. Schuler has been named 
of Brush 
with full 
direction of the 
product engineering program at Brush, 
a division of Clevite Corp. 

Mr. Schuler for the 
has served as director of engineering of 
the Badger Meter Manufacturing Co.. 
Milwaukee. Previously, he was _ for 
seven director of the 
Victor Machine Co.. Chicago, 


general engineering manager 
Electronics Co.. Cleveland. 
responsibility for the 


past two years 


years research 


Adding 


REGINALD G. SCHULER 


and before that. was chief of the re 
search department of — the 
also of Chicago. 


Teletype 
Corp.. 

Recipient of B.S. and ELE. 
from Institute of 


Schuler holds a number of patents. in- 


degrees 
Armour Technology 


cluding some on electronic 


communica 
tion and data processing systems. 

In conjunction with a recent move to 
ectiher 


germanium 


set up a special Heavy-Duty R 


Div. dealing with selenium. 
and silicon Perkin Engineering 
Corp.. El Segundo. Calif... has ap- 
pointed R. A. Rall chief engineer of the 


division. 


units, 


Dr. W. H. Brandt has been named direc- 
tor of advanced systems engineering 
for the Westinghouse Sunnydale Manu- 
facturing Div. He will direct scientists 
and engineers working on special 
studies related to the 
handling and 


development of 
launching systems for 
intermediate 
Polaris. Dr. 


recent issignment at 


the Navy s new 
ballistic 


most 


range 
missile, Brandt's 
Westing- 
manager of 


While 
develope 1 the 


house was as engineering 
the director systems department. 
there. his department 


new Cypak static control system. 


In Cleveland. 
been 


Ralph E. Little, Jr. has 
manager of the product 
dept. Brush Electronics 
Co.. a Div. of Wheelite Corp. Most re- 
cently, Mr. Little 
manager of Brush’s product engineer- 
ing dept and prior to that was associ- 
ated with the Univac Div., 
Rand Corp. 


named 
> y — 
engineering 


served as assistant 


Remington 


C. M. Jorgensen has been appointed 
chief applications engineer of Magnetic 
Shield Div., Perfection Mica Co., Chi- 
cago. Previously, Mr. Jorgensen had 
spent 20 chief engineer at 
& Manufacturing 
components manufac- 
In his new position, Mr. Jorgen- 
sen will undertake customer contacts 
to assist in the engineering of Fernetic 
and Co-Neti 


custome 


years as 
Electric 


Co., electronic 


l nderwood 


turer. 


magnetic shielding to 


requirements. 


Formerly assistant manager of 
ican Machine & Foundry 
iva, fH. Y.. 
Frederick R. 
advanced to manager of that labora- 
tory. With AMF since 1953, Mr. Ein- 
sidler first served as a project engineer 
and later as assistant of the 


where he has been 


Amer- 
Co.’s_ Brook- 
engineering laboratory, 


Einsidler has now been 


Brooklvn 
laboratory. active in 


the development of nuclear components, 


FREDERICK R. EINSIDLER 


missile ground 


equipment, radar an 


tennae and drives. tobacco machinery 


and a wide other products. 
Mr. Einsidler received his B.S 
from the U. S. Military 
1945 and an M.S.E. 


tive Engineering 


range of 
. degree 
Academy in 
degree in Automo 
from the University 


of Michigan in 1950. Prior to joining 
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SPECIAL 


five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 912” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a /E1 in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 
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NYLON ‘know-how’ 


A new ultra-modern extrusion plant produces bubble-free 
nylon rod up to 3” dia.; nylon sheet and tape up to 12” wide, 
in thicknesses from .002” to ¥%"; and nylon hydraulic 
tubing from ¥%" O.D. to 4%" O.D. for 1000 psi and 2500 psi. 


An extensive, ultra-modern injection molding plant 
equipped with machines ranging in capacities up to 8 0oz., 
and specializing in difficult precision moldings in volume 
production with accompanying economies. 


A complete, high-speed plastics machining plant, geared 
to the production of innumerable nylon parts to manufac- 
urers' specifications. Whatever your nylon part require- 


ments—check your methods and costs with U.S.G. 
*“*Know-how.” 


United States Gasket Company 


n ited Camden 1, New Jersey 
tates 


asket Plastics Division 


OF THE GARLOCK PACKING COMPANY 
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AMF, Mr. Einsidler served in the U. S. 
Army for eight years, leaving with the 
rank of captain. 


Charles B. Kish has been named chief 
engineer, Rectifier Div., by the Sel-Rex 
Corp., Nutley, N. J. A graduate of 
M.I.T., with a Master’s degree in 
electrical engineering, Mr. Kish, prior 
to joining Sel-Rex in 1952, had worked 
for Inland Manufacturing Div., Gen- 
eral Motors for five years. 


Micromatic Hone Corp., Detroit, has 
promoted John H. Greening to chief en- 
gineer. Mr. Greening has been with 
Micromatic for seven years. In another 
move, the company named Edward L. 
Behringer assistant chief engineer. With 
Micromatic since 1941, he has been 
especially active in electrical control 


design. 


Company 
Briefs 


Growing concern of the military with 
product reliability has prompted Elec- 
tronic Communications, Inc., Teterboro, 
N. J.. to organize a Reliability Assur- 
ance Section whose sole concern will be 
product reliability. It will be headed 
by G. Wendell Carr, formerly of West- 
inghouse, and for the past two years 
head of test engineering for ECI. The 
new section brings together such groups 
as test equipment; qualification test- 
ing; component evaluation and reliabil- 
ity: and environmental testing. 


Campro Co., Canton, Ohio, plastics 
molders, are now established in a new 
factory and offices situated on a 19-acre 
site located on the Canton-Alliance 
Highway. 


Avion Div., ACF Industries, Inc., has 
completed consolidation of its New 
Jersey headquarters facilities with the 
occupancy of a third building in the 
Paramus Industrial Park, on Park 
Place just off Route 17. The move 
brings together in the new building the 
following elements: the coil-winding 
and assembly groups; the component 
test group; the maintenance shop; the 
environmental test group; and the com- 
ponents engineering group. All New 
Jersey operations are centered in this 
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low pass filter squeezes max. performance into min. space 


It’s not a short step from miniature r-f tuning devices to 
miniature r-f filters. But without R/C’s quarter-century 
of tuning device experience, the low pass filter illustrated 
might never have been built. Low insertion loss from 200 
to 400 mc is often combined with rapid attenuation above 
400 mc... but rarely in a space measuring just under 4 
cubic inches! 

R/C low pass filters owe their small size to a unique 
capacitor, the Series 75 air dielectric trimmer recently 
introduced by Radio Condenser. Perhaps the smallest 
air trimmers ever made in the U.S., they’re finding wide 
application wherever space is a problem. Outstanding 
insulation resistance, ““Q”’, and thermal stability make 
miniaturization a much easier job, on filters, i-f trans- 
formers, printed wiring boards, and conventional chassis 
of every description. 

Originally designed for defense effort use, this filter is 
now in quantity production at R/C... and modifications 
are available to meet special performance requirements 
as they arise. 

Additional information on R/C low pass r-f filters is 
provided in Engineering Bulletin FL-462. Trimmers are 
covered in Bulletin TR-123. Both are available on re- 
quest to Radio Condenser Company. 
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i a 


200 300 400 500 600 700 800 


900 1000 


FREQ-MC 


Electrical Specifications 
max. insertion loss, 200-400 mc 
min. attenuation, 450 mc and above 
min. attenuation, 1000 me and above 60 db 
max. rated power 100 watts 
pass band SWR 1S: 1 
impedance, input and output 


0.75 db 
45 db 


50 ohms 
Physical Specifications 
size over-all 


"xl"x4” approx 
temperature range . 


—55 to +85 C 


RADIO CONDENSER CO 


Davis & Copewood Streets 
EXPORT: 


. 


e Camden 3, New Jersey 
Radio Condenser Co., International Div., 
CABLE: MINTHORNE 


CANADA: Radio Condenser Co. Ltd 


15 Moore St., N.Y. 4, N.Y. 


6 Bermondsey Road, Toronto, Ontario 
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“74e TIMER RELAY 


that handles all controlled 
timing problems... 


teel clad, factory set, tamp- 
of Durak timer-rela 

lly non-breakable. 

3 life multiplied 5 to 

by new plunger constructi 

tures. Combinations 


release time delays 


ca 
lif 


° 
sec. to 20 sec.—either 


open or normally 


Durakool 


STEEL MERCURY TIMERS 


% No false contacts 

% Non sticking 

% Practically “fail safe" 
% Low cost timer 


See telephone directory for 
local distributor, or write 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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Better Coils begin with 
PARAFORMED PAPER TUBES 


FLAT SIDE WALLS 


No sharp outside edges to cut wire 

No need for wedges to tighten wire 
Permits winding coils to closer tolerances 
Allows faster stacking of wound coils 
Has full rigidity and physical strength 


ANY SIZE—SQUARE OR RECTANGULAR 
PARAFORMED paper tubes simplify coil wind- 
ing operations and speed production, yet cost no 
more. In the exclusive PARAFORM method of 
tube making, no artificial heat or pressure is used 
— Paraforming takes place at the time of spiral 


winding. Hi-Dielectric. Hi-Strength. Kraft, Fish SPIRAL WOUND 
Paper, Acetate, Red Rope or any combination Not Die Formed 


wound on automatic machines. Produced from 
_ k arbors or special sizes engineered for you. 
‘an also be supplied in regular or with slight bow. 


PARAMOU NT PAPER TUBE CORP. 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 
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Write on company 
letterhead for 


STOCK 
ARBOR LIST 


of over 2000 sizes 


facility except for a small portion lo- 
cated in the original 20.000-square-foot 
building about one mile away. 


\ transformer sound laboratory is 
being constructed at the Canonsburg 
plant of Pennsylvania Transformer Div., 
McGraw-Edison Co. Officially designated 
as a Thomas A. Edison Research Labora- 
tory, the new building will provide 
complete facilities for research on 
means to reduce the noise created by 
electrical equipment. Cost: about $1 
million. This laboratory is one of sev- 
eral additional Thomas A. Edison re- 
search laboratories that are being 
planned or constructed throughout the 


U. S. by MeGraw-Edison. 


Richards Electrocraft, Inc., is tripling 
its manufacturing area in a new loca- 
tion at 4432-36 N. Kedzie Ave., Chi- 
cago 25, to meet the demand for its 
electrical components. 


New address of the Carlson Co. is 
3457 Weidner Ave., Oceanside, Long 
Island, N. Y. The company manufac- 
tures and designs spring coilers, spring 
testers. spring grinder. elasticometers. 
hardness testers, and a wide range of 
related products. 


The Du Pont Company has estab- 
lished a Mylar polyester film technical 
section at its Circleville, Ohio, plant for 
process and technical development 
work on the film. The new section will 
work with the company’s research labo- 
ratory in Buffalo, N. Y., and with the 
Circleville plant technical section, han- 
dling developments in intermediate 
stage between laboratory bench and 
commercial applications. 


Alimetal Screw Products Co., Inc., 
Garden City, N. Y., has announced the 
opening of its new midwest division 
headquarters at 5611 West Lake St., 
Chicago 44. 


The George C. Borthig Co., Inc., East 
Rutherford, N. J., has completed mov- 
ing its executive and sales offices to 
242 Paterson Ave., East Rutherford, 
N. J. 


The Automatic Electric group in Chi- 
cago has announced its move to a new 
1,520,000 sq ft factory, general office 
and research and technical center in 
Northlake, Ill, in suburban Chicago- 
land. The Automatic Electric group 
consists of the Automatic Electric Co., 
Automatic Electric International, Inc., 
Automatic Electric Sales Corp. and Gen- 
eral Telephone Laboratories, Inc. 


A. S. R. Products Corp., New York, is 
the new corporate name for the Ameri- 
can Safety Razor Corp. Diversification 
and increased growth were the reasons 
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EXPANDED LINE OF POWER TRANSISTORS 
FOR AUDIO OUTPUT, POWER SUPPLY 
AND SWITCHING APPLICATIONS 


Clevite Power Transistors 
offer: 


e HIGH POWER RATINGS e LOW THERMAL RESISTANCE 
e HIGH POWER GAIN e RUGGED WELDED PACKAGE 
e LOW DISTORTION e@ HERMETIC SEAL 


Check the outline specifications for the type of performance 
you get from Clevite Power 


ivailable in production quantities 


»r Transistors. 
For on-the-job help with specific application problems, our 
engineers are available for consultation. 
Data sheets B-211, B-214 and B-216 provide all the facts on 
Clevite Power Transistors i 


. Write for your copies. 


CLEVITE 


241 Crescent St., 


Waltham 54, Mass. TWinbrook 4-9330 
a SON ~ 


A Division of Clevite Corporation 
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Brush 
Electronics Co. 


Type 


Instantaneous 
Collector-to-base 


Voltage (absolute 
Maximum) 


Junction 
Temperature 
(absolute Max.) 


Average Total 
Power Dissipation 
(with inf. heat 
sink @ 25°C) 


Average Total 
Power Dissipation 
(with 36 sq. in 
heat sink 

@ 25°C) 


Typical Power Gain 
Frequency Cutoff 


a Large Signal 0.C. Current Gain 

14V; Ic 
14V; Ic 420ma; R, 
7V; Ic — 420ma; R, 


b Vcc 
c Vcc 
d Vcc 


ay 


Bronze Co. 


German Semiconductor Plant: Intermetall G.m.b.H.-Dusseldorf 


a 


Cleveland Graphite Clevite Harris Clevite Ltd. 


Outline Specifications 
Military CTP 


CTP CTP 
2N297 1117 2N257 2N268 1109 1111 Units 


60 40 ~— 40 80 ~ 20 — 80 Volts 


85 85 685 85 85 85 


25 30.025 


25 25 25 Watts 


1% | 15 15 15 15 Watts 


335) 33¢ 80 31¢ 304 = 26e = db 

6 7 6 6 4 Ke/s 
12 te 40 at Ic — 2.0 amps 

17:: (choke coupled); R, 101: 

30:: (choke coupled); R, 10: 

15:: (choke coupled); R, ~ 101: 


le 
3 Os 


Clevite 
Research Center 


750ma; R. 


Products Inc 
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HEAVY DUTY 


multiple circuit switch 
for machine tools 


ACRO “DUO-SNAP”’ 


HIGH ELECTRICAL RATING—2 horsepower, 230 volts A.C./1 
horsepower, 115 volts A.C./ pilot duty, 20 amps, 250 volts A.C. 


LONG LIFE— Many millions of cycles mechanical life. Consult 
factory for maximum electrical life. 


SCREW TERMINALS—FEasy installation. 


MULTIPLE CIRCUITS—Up to 4 separate circuits in one switch, 
permitting at least 6 circuit arrangements. 


AVAILABLE TYPES 
Catalogue No. No. of Terminals 
242-0004-03 Four Circuits 2 Closed 8 
2 Open 
242-0005-03 Double Circuit 1 Closed 
1 Open 
242-00 13-03 Double Circuit Normally 
Closed 
242-00 14-03 Double Circuit Normally 
Open 


The famous ACRO rolling spring principle assures positive 
snap action in this multiple circuit switch developed especially 
for rugged service in the machine tool industry. Get full 
information on it now. Write for the new ‘‘Duo-Snap”’ 
Switch Bulletin. 


Se 
) ® CONTROLS COMPANY. 
We. Contrets 


ACRO DIVISION © Columbus 16, Ohio 
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given for the change authorized at the 
company’s recent annual meeting. 
Products now range from electric hair 
clippers to drill attachments, military 
ordnance and electronic components. 


Aeroprojects, Inc., West Chester. Pa., 
has formed a_ subsidiary company, 
Sonobond Corp., to manufacture. sell 
and service ultrasonic metal joining 
equipment that \eroprojects has de- 
veloped. By a new concept in metal 
joining, metals and alloys are joined 
by vibratory energy in approximately |] 
sec or less. The resulting weldment is 
characterized by lack of a fusion zone, 
low external deformation and high 
strength. 


A leading engineering supply manu- 
facturer, Keuffel & Esser Co., Hoboken, 
N. J., recently celebrated its 90th an- 
niversary. Starting with a one-room 
office at $5.50 per month, the company, 
through steady growth. has reached the 
point where it now makes or markets 
more than 7000 separate items. includ- 
ing reproduction and _ photographic 
paper, cloth and film. 


Revcor Inc., Carpentersville. Ill.. is 
adding 18,000 sq ft of manufacturing 
space to its present plant. This expan- 
sion will double manufacturing facili- 
ties for the company’s line of blower 
wheels, blades and housing, and will 
also house engineering offices, research 
and testing facilities. This is the sec- 
ond time in the past four years that 
Revcor has decided to double its facili- 
ties. 


Reorganization of the RCA Electron 
Tube Div. into autonomous units respon 
sible for the engineering, manufacture 
and sale of industrial and entertain- 
ment electron tubes has been made it 
recognition of the special requirements 
of the industrial market for special tube 
applications. The Industrial Tube Prod- 
ucts Group, under C. E. Burnett. will 
be responsible for the addition of new 
tube types to the power tube and spe 
cial tube lines and will direct the de- 
velopment. design and marketing of all 
types of industrial receiving tubes for 
equipment manufacturers and the Goy- 
ernment. 


Negotiations are being concluded by 
Vitro Corporation of America, New 
York, to acquire all the business and 
facilities of Nems-Clarke, Inc., Silver 
Spring, Md., with the new acquisition 
to become an operating division of 
Vitro. The parent organization will con- 
tinue the operations of Nems-Clarke at 
its present location. with the division 
to be known as Nems-Clarke Company. 
With net sales last year in excess of 
$4,000,000, Nems-Clarke is engaged in 
design, development and production in 
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Wire Wound Precision 
Meter Multiplier Resistors 


Type MFA and MFB High Voltage Wire Wound 
Resistors are Hermetically Sealed in glazed 
steatite tubes with ferrule ends for maximum 
protection against all adverse environmental 
conditions. Fully meet all requirements of 
JAN-R-29. Special multi-section winding in- 
sures greatest safety factor due to low voltage 
gradient between sections. Standard resistors 
up to 6 megohms, 6 KV, 0.5% tolerance. 
Higher resistance and closer solerences avail- 
able. MFA 9-25/32 inches long x 1 inches 
diameter. MFB 5%, inches long x 1), inches 
diameter. 


Unsealed 
Precision Wire Wound Resistors 


Unsealed precision resistors are wound on 
steatite forms and are used for all general 
requirements. They can be furnished with all 
resistance alloys in tolerances from 1% to 
.02%. These resistors will meet the require- 
ments of MIL-R-93A, Amdt. 2, characteristic B. 
Special winding techniques, impregnation and 
thermal aging result in resistors of excep- 
tional stability. They are available in a wide 
voriety of sizes, styles and terminal types. 
Matched resistors, networks and special as- 
semblies can be supplied. 


High Megohm Resistors 


Type H Resistors are used in electrometer cir- 
cuits, radiation equipment and as high resis- 
tance standards. Resistance available to 100 
million megohms, (10'* ohms). For utmost sta- 
bility under adverse conditions Type HSD and 
HSK Hermetically Sealed are recommended. 
Eight sizes from % inch to 3 inches long are 
available. Voltage rating to 15,000 volts. Low 
temperature and voltage coefficients. Stand- 
ard resistance tolerance 10%. Tolerance of 
5% and 3% available. Also matched pairs 
2% tolerance. 
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QUALITY 


RESISTORS ... 
ELECTRONICS 


RPC is a widely recognized 
supplier of high quality resistors 
to industry, Government Agen- 
cies and the Armed Forces. 
Advanced — methods, 
modern eq eS and _scien- 
tific skill” os les 
facture resistors of highest 
quality in large quantities at 
reesonable cost. Modern manu- 
facturing plant is completely 
air conditioned and equipped 
with electronic dust precipi- 
tators to insure highest pro- 
duction accuracy. RPC resistors 
are specified for use in instru- 
ments, electronic computers, 
radiation equipment, aircraft 
equipment and scientific in- 
struments. 

Test equipment and stand- 
ards for checking and calibrat- 
ing are equalled by only a 
few of this country’s outstand- 
ing laboratories. Our ability 
to produce resistors of highest 
quality coupled with prompt 
delivery have established RPC 
as a leading manufacturer of 
resistors. Small or large orders 


cities. For full ipivemin send 


for latest catalog. 
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RPC to manus 


Printed Circuit 

Precision Resistors 
To meet the requirements for printed circuitry, 
RPC has developed Type P ane ulated Wire 
Wourd Precision Resistors Miniature, single 
ended units sida for easy rapid mount ng 

printed circuit panels with no support oft 
than the wire leads. Many newly Taddaaen 
techniques are employed in the manufacture 
of Type P Resistors ese units can be 
ated in or nt temp ures up to 
and will withstand all applicable tests of MiL- 
R-93A, Amdt. 3. Available in 6 
from 1 


oper- 
125°C 


sizes, fr ed 
10 watt to .4 wott ,' diameter by 
long to °,’’ diameter by 7," long. Re 
sistance values to 3 megohms. Tolerances f 


] to 0.05 


High Frequency Resistors 


Used where requirements call for very low 
inductance, capacitance and skin effect in cir- 
cuits involving pulses and steep wave fronts. 
Depending on size and resistance value, these 
resistors are usable at frequencies to over 400 
mc. Resistance values range from 20 ohms to 
100 megohms with tolerance of 20% to 5%. 
2 types available. 

TYPE G resistors (shown) are tubular, in 
6 sizes from 41/2" long x 34’' diameter to 181/2" 
long x 2" diameter. With band terminals or 
ferrules. Power rating 10 to 100 watts. 

TYPE F resistors (not shown) in 8 sizes from 
9/16°' long x 0.10’ diameter to 6/2" long x 
9/16" diameter. Lugs or wire leads. Power 
rating 4 to 10 watts. 


. 
ke) 


/ 


Wire Wound Precision Resistors 


Type A Precision Resistors are widely used for 
all general requirements. They are available 
in a wide variety of sizes, styles and terminal 
types. They can be furnished with all resis 
tance alloys in tolerances from 1% to .02%. 
Type A will meet the requirements of MIL-R- 
93A, Amdt. 2, Characteristic B. Special wind- 
ing techniques, impregnation and thermal 
aging result in resistors of exceptional sta- 
bility. Matched resistors, networks and special 
assemblies can be supplied. 


914 $. 





the fields of electronics, communica- 


tions, mechanics, television, instrumen- 
tation, automation and nucleonics. 

é General Ceramics Corp., Keasbey. N. 
J 


| J., manufacturer of magnetic memory 
Syncramenta cores and planes, and a wide range of 
other products, has opened a Philadel- 
phia sales office to serve its eastern 


motor provides precise __°:: 01! sien swires 


customers. 


Electro Mechanical Products Co., Gar- 
den City,Mich., has established a new 
Slip Ring Division for the development 
and manufacture of slip rings for air- 
craft, ordnance and marine equipment. 


Motorola Inc. has inaugurated a $3- 
million facilities expansion program 
that will involve a two-part addition to 
the firm’s present facilities in Franklin 
Park, Ill. Plans call for the construc- 
tion of a 110,000 sq-ft building to house 
offices and engineering for the Consu- 
mer Products and Automotive Products 
Divisions. The other building will be an 
addition of 120,000 sq ft to the present 
280,000 sq-ft Franklin Park Television 

ACTUAL SIZE and Hi-Fi final assembly plant. 


A purchase agreement has been con- 
The Syncramental Motor accurately translates pulses to incremental shaft posi- summated with the Fairchild Engine and 
tion for conversion of digital information to analogous shaft displacements. Airplane Corp., Hagerstown, Md., 
Compact, long-life power can rotate potentiometers, counters, rotary switches, under which Mid-Continent’s Datran 
control mechanisms. a Electronics Div. has taken over the man- 
A special magnetic clutch ee crenata eee ufacture, sales, and service of the prod- 
mechanism, rather than ratch- Sood ie) roa — uct line of electronic test instruments 
ets, indexes the shaft. Clutch me | FS ese : and automatic data recording systems 
and detent mechanism are NN j é developed and marketed as a portion of 
mounted between two LEDEX { —— 3 the activity of Fairchild’s Electrotech- 
Rotary Solenoids whose arma- Sf nics Division. The activity has been 
ture plates face each other. AY moved to the Datran Electronics plant 
Clutch rotates with one or the ,! at Manhattan Beach, Calif. 
other of the energized arma- ee 
tures, to which it has been a ee. ee 


PRECISION COK SOLENOID BASE 


Hooker Electrochemical Co., Niagara 

magnetically attracted, causing shaft rotation. Solenoid de-energizing returns Falls. N. Y., is realigning its research 

the armature to original position, but clutch and shaft are held in displaced and development staff in a continuing 

position by the detent. program of integration. New research 

managers appointed include Morton S. 

Kircher, in charge of inorganic and 

soit ceasiaslealial electrochemical research, and the Virgo 
menromguat increment per pulse 36" (citar second. toad capacity—UB to 2 ib. in. starting laboratory. 

conditions jee. Life expectancy—2 million steps in either direction. 7 all sd 

: uire- d Ss re > 

ENVIRONMENTAL COnaTaSC. 10 120°C. Altitude—up to 90,000 ft. Meets applicable req Split elias ooo Rehenwns. N. 


ments a _13 oz. Mountings—standard Servo. has been announced by Miniature Pre- 

SIZE, MOUNT ns—1:500” dia. x 2.525” long. Weight—13 0 J cision Bearings, Inc., Keene. N. H. Join- 

ing of the two companies will enable 

' MPB to broaden its base of operations 

mre eZé os and enhance its growth potential. Split 

YY CONGR ooo has dealt largely with aircraft, indus- 

trial and other equipments, while MPB 

has concentrated its efforts in the field 
of instrument components. 


SYNCRAMENTAL 
MOTOR 


The Trane Co., manufacturing engi- 

neers of air conditioning and heating 

123 WEBSTER STREET, DAYTON, OHIO equipment, are expanding their re- 
IN CANADA: Marsland Engineering Ltd., Kitchener, Ontario search and testing center. When com- 
IN EUROPE: NSF Ltd., 31-32 Alfred Place, London, England pleted, the new facility of the La Crosse, 
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Wis.. firm will double the size of the 
original building constructed in 1953. 
Cost of the program is about $700,000 


NYLORA PARTS , and involves 35.000 sq ft of test area. 


= i 
. ' | Baldor Electric Co. has removed its 
frorm office from 325 West Huron St. to 3740 


| Dempster St., Skokie. Ill. 
‘ 


oT 


The 78,000 sq-ft magnetic-tape plant 
officially placed into 24 hour-a-day pro- 
duction recently by Minnesota Mining 


Economically mass produced and Manufacturing Co. is a_ factory 


on fully automatic 


rrr 
ehh 


iy 





eotenbell usbees. thbes Ee built to achieve near-sterile conditions 
stock GRC nylon parts = required to produce magnetic tapes for 
are available in many sizes . . . 
and types. GRC uses NYLON video tape recording. electronic com- 
7 SCREWS . . a 
single cavity techniques, : puters and other applications. This new 
molds in one aut ti aoe . . . 
aemeasamie << Hutchinson, Minn.. plant, which now 


immediate use 


uniform parts, ready for yr GRC NYLON SCREWS becomes the 3M company’s major pro- 


duction unit for magnetic tapes, is one 
. MOLDED TO CLOSE TOLERANCES ee : 
ese advantages, these iain of three facilities devoted to magnetic 
economies, apply too on & BUSHIN i T 
parts made to exact Economical . . . clean, sharp Class 2 threads . . tape production. The company also 
eur tases on —- high strength to weight ratio . . . built-in electrical maintains a pilot plant for experimental 
q ; ‘ ° . insulating properties . . . stable over a wide range . 
many millions. Write for . tape runs, 
bulletin describing GRC’s 7 » of temperatures . . . resilient and elastic, conform 
unique — for — to irregular shapes, seal, don’t loosen under vibra 
injection molding small COW . i 
sintile ashe or Goad BOBBINS - - Non-magnetic . a ces Enlargement of its North Adams 
prints for quotation — Se ee, ee wee” * Mass., radio interference measurement 
Ask about our zinc alloy Ks» These unique GRC nylon screws permit radical taciliti | } 
die castings, too! a puodact chases . . ;dapenvel Geslen. Welte, wie, | facilities has been completed by the 
4 = : phone TODAY for specification sheets and prices. } Sprague Electric Co. The third such 


Sindee eee: RY Available from stock. 


14" long, .03 oz. 
: y ‘ 
No size too small. maanen 


laboratory set up by Sprague, the new 
facility will offer a custom interference- 
measurement service on all types of 
electrical machinery. including dyna- 
motors, actuator moters, vibrator power 





GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings 


supplies, and other electrical and elec- 
| . . , . . 
149 Beechwood Avenue, ae Saeee. ob ar NEw Rochelle 3-8600 tronic equipment. Sprague’s other simi- 


sees a <= = | lar laboratories are located in Los 
Angeles and Dayton. Ohio. 





McGraw-Edison, electrical manufac- 
turer with plants in 12 states and 
Canada, has purchased certain assets of 
the Electrical Products Div. of Fairchild 
Camera and Instrument Corp., Burling- 
ton, Vt. The division manufactures a 
line of home workshop power tools and 
highly specialized fractional-horsepower 
motors. No substantial change is anti- 
cipated in the operation of the division. 
McGraw-Edison acquired all inventory, 
rights to use the Fairchild kabel on tools 
and motors for one year, and is leasing 
the Burlington plant with an option to 
buy. 


The United States Casket Co., plastics 
division of the Garlock Packing Co., has 
placed in operation a new Nylon-Teflon 

| extrusion plant. Products being pro- 
duced in this new Camden, N.J., facility 
include completely bubble-free Nylon 
rod in diameters up to 3 in.; Nylon 

| sheet and tape, 12 in. wide, in thick- 
nesses from .002 in. to % in., and Ny- 
lon pressure tubing in diams from ¥ in. 
O.D. to 1% in. O.D. in two types—for 
1000 and 2500 psi. 


Construction is underway on a $300,- 
000 addition to the plant of Miniature 
Precision Bearings, Inc., Keene, N. H., 
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When operating temperatures are wide! 


Oronite POLYBUTENES are the answer 


in paper-insulated electrical products 


Oronite Polybutene, when used as an impregnating agent, offers superior dielec- 
tric strength, low expansion coefficient and low power factors — all essential in 
paper-wrapped or oil filled condensers and capacitors. Conductors so insulated 
show excellent stability under accelerated thermal aging tests and have proved 


most successful under wide operating conditions. 


Contact the Oronite office nearest you for more information or product samples. 


Oronite—the original and major producer of POLYBI TENES 


ORONITE CHEMICAL COMPANY 


EXECUTIVE OFFICES 
200 Bush Street, San Francisco 20, California 
SALES OFFICES 
New York, Wilmington, Chicago, Cincinnati, Houston, Los Angeles, San Francisco 
EUROPEAN OFFICE 
36, Avenue William-Favre, Geneva, Switzerland 
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manutacturer of more than five hundred 





types and sizes of miniature ball bear- 
ings. The present MPB plant. which 
was completed just one year ago, was 
honored recently as one of the nation’s 
“Ten Best Plants.” constructed during 
1956. 


T. C. Ohart has been named general 
manager of General Electric’s recently 
organized Insulating Materials Section, 
Chemical Materials Department. Head- 
quartered in Schenectady, N. Y., the 
section is responsible for the design, 
manufacture and sales of electrical in- 
sulating materials, including mica prod- 





ucts. wire enamels, treated cloth and 
tapes. among others. 


“Your EG prototype is arriving Opening of a new branch office and 


warehouse in Cincinnati, Ohio, has 

been announced by Minnesota Mining & 

° Manufacturing Co. as part of 3M’s 

by air from program to extend its service to cus- 


tomers in this area. Location: 4835 
Para Drive. 


97 
PHILLIPS Recent promotions at Reliance Elec- 


tric & Engineering Co., Cleveland. in- 
clude the advancement of William R. 


Hough, Walter H. Haber and Hugh D. 


»’ ° ° ie =~ - . . ° . . 
Phillips has the ready answer for controlling Luke to vice presidents—operations 
large numbers of circuits in its Type 2 relay. group. Mr. Hough is also vice president 


engineering to which office he was 


elected in 1948. 


Available in countless variations, contact com- 





binations and coil windings. Type 2 offers a 


large coil winding capacity. This permits The new Hi-fax (ethylene polymer) 
single and double wound coils and the use of plant of Hercules Powder Co., Inc. in 


copper or aluminum slugs for time delay on Parlin. N.J.. now is in commercial pro- 
i i ‘ti This ste arks a broadening 
pick-up and drop-out. Large contact capacity duction. This step marks a bro s 
: out of the company in plastics from the 


er its asse ies | 2 5 acts > lay . . . 
permits assemblies of 24 contacts on one relay cellulosics to the field of polyolefin 


in a variety of types. Choice of single or twin chemistry. Hi-fax is made by a special 


cr contacts using precious metals or snap action low-process employing  Ziegler-type 
switches. Type 2 is built from standard pre- catalysts. 
| cision parts with special features included to 


Hotpoint Co. has purchased a 770- 





fill s recific req i rc eS Ss ° e . . 
\ I juirements. acre tract of industrial property in Elk 
. . Grove. IL. on which it will construct a 
If any relay problem has you up in the air, r ob cs 
> + ) < new refrigerator compressor — plant. 
e he a fro wk 2 elp. : . 
let t man from PHILLII hel; Pilot production is scheduled for early 
1959. Other plants and buildings are in 
the planning stage. 
\ new plant to design and build ele 
COIL CHARACTERISTICS tronic transformers has been put into 
Ics: . . ; . 
CONTACT ASSEMBLY: VARIATIONS: operation in Los Angeles by Westing- 
porating De All forms A through E Diksceedis waineeibiies wand Geminids house Electric Corp. With this facility, 
up t 50 volts D Single or double pileup low-operat i 
pie S58 wee A. 6. GD cyetes Code *4 Palladium uid dlisioheiamr aetie the company expects to provide on-the- 
Resistance i? ) ohms contacts, standard Taper tab terminals. spot design and manufacturing services 
ngle or double wound ) ee : : : eats 
Somenna se Other contacts available Micrometer screw adjustment required by West Coast aviation and 
“ ars . Microswitch contacts ‘ * vee . 
0.001 amps. D. C. Minimum MOUNTING pene pa oem electronic industries. The plant is 
Opercting 3 Time : Hermetically sealed. staffed with engineers who will work 
, ae Two No. 8-32 : : 
¢ € ximum directly with customer engineers to de 


tapped holes, standard 


sign special transformers. 


HERMETIC SEALS, MULTI-CONTACT POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
n obtaining further information YT 
New Components and Materials 


Literature for the Design Engineer 


PHILLIPS CONTROL CORPORATION . JOLIET, ILLINOIS neat tee 


. ° Advertised Products 





AN ALLIED PAPER CORPORATION SUBSIDIARY 


s s ' < LP 
ALE OFFICES NEW YORK PHILADELPHIA BOSTON SAN FRANCISCO - DENVER SANTA MONICA PLE TRI lL MANUF TURIN 
( tICA \ Af . G 
WASHINGTON - WINSTON SALEM - CLEVELAN DALLAS EATTLE KANSAS CITY - ST. LOUIS - DETROIT 
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POSITIVELY EXCLUDES LIQUIDS, FUMES... 


"ST? SERIES CONNECTORS* 
for Liquid Tight Flexible Conduit 


Why APPLETON “‘ST” Series 
Connectors Are Better 


Precision turned compression nut (A) slips 
over liquid tight conduit. Brass Ferrule 
(B) screws into conduit with sleeve cov- 
ering conduit. Tightening compression nut 
onto connector body (C) provides a posi- 
tive seal and ground between flexible 
conduit and connector. 


Cross section of completed connection 
shows how tapered end of nut compresses 
ferrule wall . . . seals perfectly and gives 
positive ground between conduit and con- 


The Only Fittings of Their Kind... 
Provide Positive Wiring System Protection 


APPLETON “ST” Series Connectors have an exclusive brass 
ferrule, and unique construction to make it your best connector 
buy for use with liquid tight flexible conduit! Nothing to come 
loose, deteriorate, crack or break. APPLETON “ST” Series Con- 
nectors stay tight . . . positively exclude liquids, fumes, chips, 
shavings and other foreign matter from electrical systems. Rec- 
ommended by many electrical engineers. And, since the threaded 
brass ferrule screws in and crimps on there is a perfect seal and 
permanent ground .. . maintaining voltage in ground circuit un- 
failingly within 10 millivolts drop. “ST” Serve 
one more reason why APPLETON is. 


Connectors are 


TODAY, MORE THAN EVER... 


Sold through Franchised Wholesalers Only 


Also Manufacturers of : 


i 


MI" Series 


Malleable \ron 


plosion - Proof i Y 
ixtures (= >) 
} j 
\ 


Connectors Unilet Fittings 


Outlet Boxes 


APPLETON ELECTRIC COMPANY .- 1723 Wellington Avenue + Chicago 13, Illinois 
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YOU CAN HAVE 


SPEED 
DETECTION 


AND 


CONTROL 
ckage 


Is space a problem—or do 
you require a totally enclosed 
speed detecting device—or do 
you want to add speed control as 
a safety feature on existing equip- 
ment? Standard housed SYNCRO 
SNAP switches can be your answer 
to such problems as synchronizing 
gear shifting in the head transmis- 
sion of machine tools, controlling 
multiple functions on diesel engines 
including overspeed and under- 
speed protection and starter cut- 
out, overload protection for elec- 
trical and mechanical clutches, as 
well as applications in transfer 
equipment, aircraft and missiles. 


SYNCRO-CASE hous- 
ings available as 
standard with up to 
4 separate speed de- 
tecting switches in 
case sizes of approxi- 
mately 3”, 4” and 
5\." diameters 


SYNCRO PAK housings 
designed for flange 
mounting — furnished 
with internal or exter- 
nal shaft in 3 stand- 
ard sizes 


CUSTOM HOUSINGS 

expand the possibili- 

ties of speed detecting 

and control to include ix. 
even the most compli- r 
cated requirements of ' 
multiple functions ond j 
circuitry. Also fur- 

nished to the most 

demanding military 

specifications 


Write today for additional information 


TORQ 


ENGINEERED PRODUCTS, Inc. 


34 W. MONROE STREET + BEDFORD, OHIO 
Phone: BEdford 2-4100 
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Book 
Reviews 


Semiconductor Abstracts. Volume 3. 
Compiled by the Solid State Devices 
Division and the Physical Chemistry 
Division of Battelle Memorial Institute 
and sponsored by the Electrochemical 
Society, Inc. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave.. New 
York, N. Y. Price. $10.00, 322 pp. 

As one could expect from the in- 
creased use of semiconductor and 
luminescent materials in such new 
products as transistors and the de- 
veloping interest in new electronic 
functional markets, the number of ab- 
stracts contained in this volume number 
1258—contrasted to 765 for the previous 
year. ° 

This volume—covering 1955—has 
been provided to assist those who have 
not previously obtained volumes of the 
Electrochemical Society Semiconductor 
Abstracts. 

\ rundown of titles indicates the 
increasing activity on intermetallic 
compounds as supplemental or substi- 
tute materials for germanium = and 
silicon. 


Magnetic-amplifier Circuits: Basic Prin- 
ciples, Characteristics, and Applica- 
tions. Second Edition. By William A. 
Geyger. 396 pages, 6 x 9, illustrated. 
McGraw-Hill Book Co., Inc., 330 W. 
12nd St.. New York. $7.00 


In this second edition of a book on 
the fundamental principles, character- 
istics and applications of magnetic- 
amplifier circuits, the treatment has 
been considerably revised and enlarged 
to embrace new developments and ap- 
plications. 

The book develops logically the vari- 
ous kinds of basic and more complex 
circuit arrangements, with an avoidance 
of extended mathematical considera- 
tions. Experimentally, observed phe- 
nomena are reviewed. Mostly, descrip- 
tive and graphical methods are used to 
give a qualitative and quantitative in- 
terpretation of the essential facts. 

Because the book has been written 
for the circuit designer, its material has 
been classified according to circuit 
functions. This enables the reader to 
compare various circuits for accom- 
plishing a particular function and to 
select the one best suited to solve the 


Engineers 


Opportunities to do 


“SYLVANIA-LEVEL” 


Engineering 
with Sylvania 


in California 


Sylvania’s expanding Mountain 
View Laboratories on the San 
Francisco peninsula, in Califor- 
nia’s finest living area, have 
openings in the fields listed 
below: 


e@ OPERATIONS RESEARCH 

e GUIDED MICROWAVE DEVICES 
Research and advanced 
development 

e SYSTEMS ANALYSIS 

e SYSTEMS DEVELOPMENT 

e DESIGN & DEVELOPMENT 
Transmitters, receivers, 
components, antennas 

e DATA HANDLING 

e ELECTRONIC PACKAGING 

e FIELD ENGINEERING 

e MECHANICAL ENGINEERING 

e MICROWAVE TUBES 
Research, design & 
development 


The Laboratories are located 
only 5 miles from Stanford Uni- 
versity . . . and our liberal em- 
ployee benefit program includes 
part-time off, with pay, for ad- 
vanced study at Stanford or 
other nearby universities, with 
reimbursement of half the tui- 
tion. 


Please send your resume to 


Mr. J. C. Richards 


MOUNTAIN VIEW 
LABORATORIES 


Reconnaissance Systems Laboratory 
Electronic Defense Laboratory 
Microwave Physics Laboratory 
Microwave Tube Laboratory 


¥ SYLVANIA 9 


P. O. BOX 1296 


Mountain View, California 


Write direct to advertiser 





Major breakthrough in electrical design 


For smaller Class B equipment... 


Johns-Manville’s new Type 71 Quinterra insulation combines the lasting 


New J-M Type 71 Quinterra’® 
Epoxy-treated to double dielectric strength 


Johns-Manville now opens up a new 
era in electrical design, with Type 71 
Quinterra—the epoxy and asbestos 
insulation that breaks through today’s 
limitations on ratings and size—offers 
untold new possibilities in compact 
class B equipment. 
Offers 5 major improvements 

1. High Epoxy Content (approx. 45% 
to 50%) provides the optimum elec- 
trical benefits of these high-dielectric 
resins and asbestos. This mechanically 
and electrically strong insulation com- 
bines the lasting inherent dielectric 
strength of the Quinterra base sheet 
with the excellent electrical properties 
of epoxy varnish. 


2. Over 700 Volts/Mil is the tested 
and proved dielectric strength of 
Johns-Manville’s new Type 71 Quin- 
terra insulation. This exceptionally 
high characteristic offers brand-new 
opportunities in increased power from 
smaller frames—with less metal. 


3. Continuous Operation to 175C 
with no reduction of properties brings 
Quinterra Type 71 well above the 
standard class B limit of 130C. At 
175C, this new insulation exhibits a 
dielectric strength well above its 700 
volt per mil minimum. 


4. Moisture Absorption Less than 
2%. Quinterra Type 71 resists humid- 
ity conditions that would break down 


dielectric strength of the purified asbestos base sheet and epoxy varnish. 


other insulations. Even at high relative 
humidities, this new insulation exhib- 
its unusually high dielectric strength! 


5. Improved handling characteristics 
make Type 71 Quinterra ideal for 
today’s assembly techniques. Its flexi- 
bility lets it adapt to the reduced 
radii of smaller equipment. 


Also new Type 72 Quinterra 
for less rigid requirements 
Type 
20% -3( 
high di 
siderab 


72 Quinterra (approx 
)% epoxy content) offers 
electric strength at con- 
le savings. 


FOR a complete specification sheet and samples of the new epoxy-treated Quinterra, 


write Johns-Manville 


, Box 14, New York 16, 


N.Y. In Canada, Port Credit, Ontario. 


¥J| Johns-Manville ELECTRICAL INSULATIONS 


SEPTEMBER 195 


Circle 331 on page 17 


323 





Here’s how Wisconsin Ceramic Parts 
help cut production costs! 


Highly developed manufacturing Send a sample or blue print and 
process makes it possible to obtain tell us your requirements. We will 
a great degree of accuracy on porce- be glad to quote prices and delivery. 
lain, refractory, steatite and filter 

parts Serving the Electrical and Electronic 


Industries since 1919. 
The uniformity and toughness 


of Wisconsin Ceramic parts result in WISCONSIN 
components that fit easily and accu- PORCELAIN CO. 


rately into place,—speeds assembling 15 Market St. 


and increases production efficiency. SUN PRAIRIE, WISCONSIN 
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send for the 
ir 7 most widely used 


ee iiceeeeme ELECTRONIC SUPPLY GUIDE 
ALLIED’S 


e COMPLETE 404-PAGE 
im 6€=68 I SB CATALOG 


MANA IAA 


your best buying guide to 
the world’s largest stocks of 
© Receiving Tubes ELECTRONIC SUPPLIES FOR INDUSTRY 
© Power & Gas Tubes 
© Diodes & Transistors 
e Test Instruments ¢ 
© Meters & Supplies 


Simplify and speed your purchasing of electronic 
supplies and equipment: send your orders to us 
for fast shipment from the world’s largest stocks 
of electron tubes (all types and makes), tran- 
@ Relays & Switches sistors, test instruments (see our money-saving 
© AN Connectors KNIGHT-KITS), audio equipment and electronic 
© Metal Chassis Bases parts. Our expert Industrial supply service saves 
@ KNIGHT Public you time, money and effort. Send today for your 
Address Equipt. FREE 1958 ALLIED Catalog —your complete Buying 
. Guide to quality Electronic Supplies for Industrial 

__ Manvfacturers and Communications use. 

prices available on 


quantity purchases A L Li Ee D rR A D i °o 


100 N. West - - 47- 
our 37% year estern Ave., Dept. 47-J7 


aS ‘ | Chicago 80, Illinois SREY 
=— FREE 


catalog 
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special problem. At the end of each 
chapter is appended a list of both Euro- 
pean and American patents and asso- 
ciated technical papers. 


Engineering 
Standards 


New Recommended RETMA Standards 
New recommended standards for elec- 
tronics devices have been made avail- 
able by the Radio-Electronics-Televi- 
sion Manufacturers Association. The 
standards were published following 
approval by industry representatives 
including members and nonmembers of 
RETMA. Copies were distributed to 
representatives of all RETMA member- 
companies; nonmembers of the Associ- 
ation may obtain their copies through 
the RETMA Engineering Department. 
11 West 42nd St., New York 36, N. Y. 
(a minimum charge of $1 is made on 
all orders) : 
RS-185—Dimensional and Electrical 
Characteristics Defining 
Viniature Receiver Type 
Tube Sockets for Printed 
Circuits. (This Standard 
from Standards Proposal 
No. 523, is new material) 
$2.80. 
Vibrators for Auto Radio. 
(This Standard from Stand- 
ards Proposal No. 521, is a 
revision of REC-113-D) 
$1.65. 
Standard Dimensional Sys- 
tem for Automation Re- 
quirements. (This Standard. 
from Standards Proposal 
No. 459, is new material) 
25 cents. 
RS-190—Pin Straighteners and Wir- 
ing Jigs for Electron Tubes. 
(This Standard, from Stand- 
ards Proposal No. 529, is 
new material)—50 cents. 
RS-191—Measurement of Direct In- 
terelectrode Capacitance. 
(This Standard, from Stand- 
ards Proposal Nos. 430 and 
505, is a revision of ET-109- 
A) —$1.50. 
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ELECTRICAL SHEETS PUNCH FAST AND CLEAN 


Users’ immediate success in punching 
Acme-Newport sheets and in assembling 
motors, generators and other rotating 
equipment is largely the result of this 
el Soba e ie ules ice el mel Muli iite B 
rolling, annealing and finishing processes. 
The uniform gage of. these sheets, their 
clean punching characteristics and de- 
pendable quality are attained by the 
combination of Acme-Newport’s modern 
facilities and their half-century exper- 
ience in producing electrical sheets to 
specifications of leading electrical equip- 
ment manufacturers. Our electrical 
engineers would like to discuss your 
requirements and our ability to fill them. 


- 
COMPANY 


NEWPORT, KENTUCKY 


A sussioiary oF |AGME! company 


STEEL) 
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BUGGY- WHIP 
NAWEPLATES 
on your 
jet-age 

products? 


Stop losing production line dollars 
on slow, costly rivet-mounted name- 
plates that scrape, scratch, become 
hard to read. 


Switch to THINPLATES ® , the adhe- 
sive backed anodized aluminum foil 
nameplates! 


Thinplates mount in a moment to 
any surface, bond permanently. 
Thinplates’ anodized surfaces never 
scratch, scrape or peel, stay bright 
and legible for the lifetime of 
aluminum. 

Thinplates go anywhere and stay 
there! For identification, decoration, 
nomenclature, operating instruc- 
tions, Thinplates are used on every- 
thing from aircraft to skillets. 

Don’t entrust your product’s name 
to cumbersome rivet mounted name- 
plates and easily damaged paper 
decals—use anodized aluminum 
Thinplates that save time and dollars. 


FREE ! Send today for samples 
of Thinplate that will spark 
your product design and econ- 
omy ideas. Write on your letter- 
head to Department EMS9. 


Users of Thinplate include: 
Avco Manufacturing Co. 
Bendix Aviation Corp. 
Chrysler Corp. 
Eastman Kodak Co. 
General Electric Co. 
Genera! Motors Corp. 
Minneapolis-Honeywell Regulator Co. 
Radio Corporation of America 
Sperry-Rand Corp. 
Sunbeam Corp. 
Westinghouse Electric Corp. 

..and many more of the biggest 
names in American industry! 


PARK nameplate company, inc. 
34-10 Linden Place, Flushing 54, N.Y 


THINPLATE is the Park name for its 
selective color anodized aluminum foil 
nameplates in .003” and .005” gauges, 
with adhesive backing. 
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Abstract and Comment 


1.T. &T. Standards Laboratory 


A new standards laboratory for test- 
ing and certifying master mechanical 
and electrical measuring devices was 
opened recently by International Tele- 
phone and Telegraph Corporation, in 
dedicatory ceremonies which featured 
an address by Dr. Allen V. Astin, direc- 
tor of the National Bureau of Standards 
in Washington, D.C. 

The new IT&T Standards Laboratory 
is located within the IT&T Federal Tel- 
ephone and Radio Company division’s 
factory building at Clifton, N.J. It is 
designed to provide a convenient serv- 
ice in the field of mechanical and elec- 
trical measurements, supplementing 
and extending that of the National 
Bureau of Standards, to private com- 
panies, to organizations such as uni- 
versities and scientific foundations, to 
U.S. government agencies, and to IT&T 
System companies throughout the 
world. 

The installation has been designed 
and constructed as a separate, isolated 
entity featuring rigidly controlled en- 
vironmental 
precise 


conditions necessary for 
measurement and_ standards 
maintenance. 

The Laboratory is divided into me- 
chanical and electrical sections, both of 
which are equipped with the latest in- 
struments and standards. These permit 
precise checking of the many master 
measuring devices to which tools, gages, 


ee 
Pena 


Ree 


and electrical instruments are 
pared. 

All measurements are made under 
the technical supervision of qualified 
specialists by a highly trained staff of 
technicians. 

Some of the Laboratory’s electrical 
measurement equipment is shown in the 
photograph. 

The IT&T Standards Laboratory, ac- 
cording to John E. Gingrich, president, 
is the result of increasing demand by 
industry for the accurate me- 
chanical and electrical measurements 
possible. Modern production methods 
demand standardization of such work 
as screw threads, for instance. and 
where, under government direction, 
production of a particular defense item 
is farmed out to a number of manufac- 
turers, it is vitally necessary that all 
component parts are made to duplicate 
standards. With the increase in “‘off- 
shore” 


com- 


most 


procurement, the problem is 
becoming increasingly complicated. 
The interchangeability of parts re- 
quired today demands that all parts be 
built to definite specifications of size, 
shape, surface finish, and 
similar requirements. Therefore, during 
manufacture, parts and the machines 
which make repeatedly 
checked for accuracy by working gages, 
mechanical or electrical. The working 
gages are periodically checked against 


hardness, 


them, are 


SPiminan: 
ee 


oe 
> 
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CLARK Type CY Starters, sizes 0 and 1, 
now have higher NEMA horsepower ratings 


As shown in the table below, NEMA maxi- 
mum horsepower ratings for size 0 and 1 
AC magnetic across-the-line starters have 
been increased. Clark Type “CY” starters 
now available to meet these new standards 
will, in many cases, permit you to meet your 
requirements with smaller sizes. You can at 
once take advantage of the money and space 
savings made possible by this re-rating. 


CHANGES IN NEMA STANDARDS FOR 
MAXIMUM HORSEPOWER RATINGS OF AC 
MAGNETIC STARTERS AND CONTACTORS 


THREE PHASE 


Size QO 110V 
SizeO0 208/220V 


IN ADDITION TO COST AND SPACE SAVING | 5.0; iro 


Size 1 110V 


BENEFITS OF THE NEW NEMA RATINGS, SS. ey 
CLARK Type “CY” STARTERS OFFER | 
MANY OTHER ADVANTAGES: pant PHASs 


SizeO 110V 
Greater Dependability and longer life SizeO 208/220V 
@ Heavy-duty mill-type construction. Size 0 440/600V 
@ Large silver-to-silver twin-break contacts. : 
@ Vertical lift, free-floating magnet uses no springs; pull char- Size1 110V 
acteristic assures positive contact closing and keeps magnet Size 1 208/220V 


slam to a minimum. Size 1 440/600V 
Easier Maintenance 
@ Contacts and contact springs quickly and easily inspected— NOTE: HP ratings for plugging and jogging duty 
without tools. have not been revised. 
@ All parts readily accessible and replaceable from front with- 
out removal from panel or enclosure—screwdriver and wrench 
only tools needed. 


@ Magnet coils easily replaced. These increased horsepower ratings for AC 
Simplified Installation controls will be adopted for all forms of 


@ Generous wiring space. Clark across-the-line starting equipment. 
@ All terminals face the front. 


© Peemiece-type terminals line end toad. Revised Clark Catalog sheets and price lists cover- 


-.-and many others ing the new NEMA ratings are available on request. 
ally 


Jee CLARK (@) CONTROLLER (Company 


Everything Under Control f ju 1146 East 152nd Street * * Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED * MAIN OFFICES AND PLANT, TORONTO 
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Long before we began to treat’ 


manufacturers of 
ARMATURES 


FIELD COILS 
TRANSFORMERS 
SIGNAL WINDINGS 
AND SIMILAR 
COMPONENTS 
WE TOOK OUR 


OWN "MEDICINE" 


“ACME” offers you the same insulating varnishes that have for 
years been used in “Acme” coil windings. These varnishes are the 
result of exhaustive research and actual application under the 
constant scrutiny of “Acme” engineers. In “Acme” you can be 
sure of the highest quality insulation. 


“ACME” INSULATING VARNISHES 


THERMOSETTING VARNISHES 


Outstanding advantages: Flexible baking schedules—low viscosity and high solids 
content—low drip coefficient—thorough impregnation with material reduction of 
voids and rapid deep-drying—high dielectric (over 1800v per mil) —excellent chem- 
ical and insulation resistance—unusual bonding strength. 


OXIDIZING BAKING VARNISHES 


Another “Acme” specialty. Available in clear or black. Makes flexible, moisture- 
resistant, outside films of fine insulating quality under elevated temperatures. A 
permanent impregnant for shaliow-wound coils. A good outside dip for field and 
controller coils, transformer windings, etc. 


AIR DRYING VARNISHES 


Supplied in clear or black. Coil dipping, masking and adhesive lacquers and spirit 
varnishes. Some “Acme” air-drying varnishes when baked will cure in 30 to 60 
minutes and provide good protection against corrosives, oils, water and chemicals. 


“Acme” also offers a complete line of molding, impregnating and potting com- 
pounds. Practically 100% solids, thermosetting materials designed to eliminate 
voids, resist moisture and heat, and to eliminate internal corona. With “Acme” 
compounds, molding, impregnating or potting can be accomplished in one operation. 


Send for the Acme catalog. 


Wire 


NEW HAVEN, CONN. 


Acme 


THE ACME WIRE CO 


Magnet Wire @ Coils @ Varnished Insulations @ Insulating Varnishes and Compounds 
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master gages which, in turn, must be 
checked and certified by precise equip- 
ment maintained for that purpose. De- 
termination of the accuracy of master 
instruments and gages, electrical or 
mechanical, is the purpose of the [T&T 
Standards Laboratory. 

Mechanically, it is equipped to pro- 
vide the manufacturer with certified 
standard testing of threaded ring gages 
and set plugs. plain and tapered plugs 
and rings; gage blocks, thread-measur- 
ing wires, master gears, precision 
threaded parts, cylindrical and tapered 
parts. The Laboratory can also measure 
contours, precision circles, surface fin- 
ish, hardness, flatness, and a variety of 
other mechanical configurations and 
qualities. In each case, the required 
measurement can be made in several 
ways. 


Standards Certified by NBS 


Electrically, the laboratory can pro- 
vide manufacturers with precise meas- 
urements of voltage, current, resistance, 
frequency, capacitance, and_ similar 
basic electrical units. Voltage, capaci- 
tance, resistance and other standards 
used by the IT&T Standards Labora- 
tory are certified by the National Bu- 
reau of Standards. 

An example of the laboratory’s abili- 
ty to make precise measurements can be 
seen in the determination of the dimen- 
sions of gage blocks. These small, high- 
ly polished metal blocks are used as 
“vardsticks” in mechanical measuring 
and are certified by their manufacturer 
to accuracies within millionths of an 
inch. The IT&T Standards Laboratory 
can measure the length of these gage 
blocks directly by means of light rays 
to an accuracy of better than one-mil- 
lionth of an inch. This accuracy is at- 
tained by use of the latest model of an 
instrument called a Carl Zeiss, Koes- 
ter’s Absolute Interferometer, the only 
one of its kind in the United States. 

Using other instruments the labora- 
tory can measure angles accurately to 
within two seconds of arc (1/1800 of a 
degree); surface roughness in mil- 
lionths of inches, and inaccuracies in 
the pitch diameter of a screw thread of 
one hundred-thousandth (1/100,000) of 
an inch. 

The laboratory’s electrical equip- 
ment permits measurement of radio 
waves up to 600 million cycles per sec- 
onds with an accuracy of one part in 
10 million, and determination of elec- 
trical resistances as great as 5,000 mil- 
lion million (5,000,000,000,000,000 ) 
ohms, and as small as one ohm to an 
accuracy of one part in ten thousand. 

The IT&T Standards Laboratory is 
housed in a separate structure specially 
constructed within the 1,000,000 square 
foot manufacturing plant of Federal 
Telephone & Radio Company. The new 
structure is a building within a build- 
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GASES 
ul t | a E 1 To feed an atmosphere furnace correctly, the oxygen: 


free hydrogen should be both pure and dry. Deoxo Catalytic 
Purifiers are widely accepted as the most effective and 
economical way to purify gases. in order to dry the gases 
just as effectively, BAKER has combined the features of 
A ly 1 the Deoxo Purifier with an extremely efficient, automati- 
cally operated drying unit. The combination, known as 
the Deoxo Puridryer, allows the furnace to be fed pure, 
dry hydrogen ...so pure that it contains less than one 
part oxygen per million .. . so dry that it has a dew point 
( iy S i f of better than -100°F. AND, no inert gas purging is needed. 
The Deoxo Puridryer can also be used with other 
gases, such as* Nitrogen, Argon, Neon and saturated 
hydrocarbons with the same excellent results. 


PURIDRYED no 


NITRONEAL~ GAS GENERATOR RHODIUM PLATING provides SUPER - SENSITIVE DEOXO. 
economically and safely pro a hard, brilliant white, INDICATOR measures the 
vides forming gas atmos non-tarnishable surface faintest traces of oxygen 
Litem Olam Ld) Ai) ame Le CoC aD MCSA LiL ae Oe or hydrogen present as 
f tube parts rosive conditions impurities in other gases 


1:7').¢5,4 precious 
METALS 
BAKER & CO., INC. 


113 ASTOR STREET, NEWARK 2, NEW JERSEY 
NEWYORK « SANFRANCISCO + LOSANGELES + CHICAGO 


BE NGELH ART 4INTIU SE TRAIES 


SESESERCRES BAVARIA S SHEERS Ce Eee e-t e 1  UPRE OS EO CSR REF RES 
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ing, having its own floor, walls, ceiling 
and air conditioning apparatus. 

In precision measurement, environ- 
ment must be strictly controlled, as all 
standard measurements are based on 


& specified temperatures, due to the ex- 
pansion and contraction of metals, and 
change in electrical chaacteristics with 
changes in temperatures. Also, wave 

| lengths of light used for measurement 


change slightly in air, depending on 
humidity, barometric pressure, and tem- 


| perature. The laboratory is therefore 
| equipped for this rigid control of at- 
mospheric conditions needed when 


measuring accurately in millionths of 
an inch. 

The laboratory building is a rectan- 
gular structure approximately 80 feet 


custom fabricated long and 30 feet wide, with double- 


thickness steel walls and ceilings, the 
by Kirk & Blum latter ten feet high. The laboratory is 
divided into two sections, a mechanical 
room maintained at a constant tempera- 
e Control Desks and ture of 68° Fahrenheit, and an elec- 
Consoles trical room at 77° Fahrenheit, the re- 
cognized temperature standards for 
e Instrument each type of measurement. 
Panels Large windows, each having two 
sheets of glass separated by dry air, 
e Boiler, permit easy observation of laboratory 
Turbine, activities without interference from ob- 
Generator Panels servers by reason of their body heat 
radiation. 
e Power Distribution, aa io nage : room : _— 
| guarded against vibration. Its floor is 
Control Panels | Vinyl tile laid over an inertia block 
e Switch Gear | consisting of 12 inches of reinforced 
Housings poured concrete weighing more than 60 
tons. This slab rests on a cork layer in 
e Cubicles a concrete-lined pit with an air space 
between it and the pit walls. Lateral 
e Weather proof vibrations are thereby excluded, and 
Housings vertical vibrations are absorbed by the 
cork compound and the weight of the 
e Transformer Tanks inertia block. The walls of the labora- 
tory rest outside the block on the plant 
e Test Stands floor so that wall vibration cannot be 
transmitted to the floor. 

All personnel within the laboratory 
wear lint-free garments and passage 
into the mechanical laboratory is made 
through a chamber whose doors unlock 

automatically only after the occupant 
For industry, power plants and ft S has undergone an “air bath” to remove 
utilities, Kirk & Blum can produce any lint and dust. The building s special 
type of metal enclosure . . . quickly air-conditioning equipment is located in 
. * an adjacent area behind a masonry 

and economically. . F 
m ; ' wall. All services entering the room, 
such as electrical conduits, are flexible 
to eliminate vibration. O00 


Send your prints for prompt 
quotation. 


Peewee eeereseeesceses 


ie ( YEARS OF 


mn SERVICE 


KIR. Sey 2. ee | . International Conference on 
Scientific Information 


An International Conference on Scien- 
tific Information, to be held in Wash- 
THE KIRK & BLUM MANUFACTURING CO. 3122 FORRER STREET, CINCINNATI 9, OHIO =| ington, D. C. during November, will 
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GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM INSULATIONS 


Nylon is comparable to Formvar 

CONVENTIONAL | An oleo-resinous enamel which NYLON except that the dielectric proper- 

ENAMEL has high dielectric strength, good Class A ties are affected by moisture. In 

adhesion and flexibility, and low addition, it solders readily and 

Class A out. has superior winding qualities in 
some applications. 


A polyvinyl acetal resin which has HERMETIC 
FORMVAR superior adhesion, abrasion re- A special Formvar film having ex- 
Class A sistance, flexibility, and outstand- FORMVAR cellent resistance to Freon. 

ing toughness. Class A 


A Formvar base with a thermo- LECTON* 

plastic cement overcoat which can A li | — : 
FORMEZE be readily bonded by heat or Class A 2 ee Payer Remy a 
Class A solvent. Especially suitable for (unofficially mum resistance to Freon. 


coils of special shape. Class E) 


ENAMEL ‘‘G’”’ A polyurethane-base synthetic A polyester-base synthetic enamel 

Class A enamel. Its excellent solderability suitable for Class B (130 C) insula- 

(unofficially at relatively low temperatures, ISONEL tion systems. Its handling proper- 

Class E) exceptional moisture resistance, Class B ties are comparable to those of 
and outstanding dielectric prop- Formvar except for somewhat 
erties make it ideal for electronic greater sensitivity to heat shock. 
and communication applications. 


TEXTILE and PAPER INSULATIONS 


SILK, NYLON 


(YARN), RAYON Natural or synthetic textile in- 
Class O (dry) sulation. 

Class A (in oil 

or impregnated) 


PAPER 

Class O (dry) A special rope paper tape in- 
Class A (in oil sulation. 

or impregnated) 


GLASS (FIBER) 
COTTON Class B (with 


Class O (dry) Combed cotton yarn insulation. conventional Electrical-grade glass yarn 
Class A (in oil Y varnish) Class H bonded with varnish. 


or impregnated) (with silicone 
varnish) 


Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 
DACRON* GLASS proves the adhesion of the insulation to the copper and provides greater abrasion 


(FIBER) + resistance. 


tClassification not yet definitely established (Probably Class B with conventional varnish; possibly 
Class H with silicone varnish) 


COMBINATION FILM and TEXTILE or PAPER INSULATIONS —Any of the enamel films may 
be combined with any of the textile or paper insulations to meet special requirements. 
*The terms “lecton,” ” 
trade-marks of E. 1. Dup 
GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, New York 
: Offices and Distributing Centers Coast-to-Coast 
IT’S NEW! 
6” Plastic Non-returnable Spools. 


for quality and service... Specify GENERAL ‘Ie ABLE 
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place emphasis on the critical examina- 
tion and appraisal of techniques, me- 
chanisms, systems and organization for 
the storage and retrospective search of 
scientific information and particularly 
upon research studies in these aspects. 
The Conference will be held unde 
sponsorship of the National Academy 
of Sciences—National Research Coun- 
cil, The National Science Foundation. 
and the American Documentation In- 
stitute. 

The following topics have been set 
up for the Conference. 

1. Requirements of scientists for 
scientific literature and reference serv- 
ices; knowledge now available and 
methods of ascertaining their require- 
ments; history as a guide to the future. 

2. The function and effectiveness of 
abstracting and indexing services for 
storage and retrieval of scientific infor- 
mation and possible further develop- 
ment of such services. 

3. Effectiveness of scientific mono- 
graphs, compendia, review media, and 
of specialized information centers fot 
storage and retrieval of scientific infor- 
mation: survey of present practices, 
trends, and new and proposed techni- 
ques and types of services. 

1. Orgnization of information for 
storage and retrospective search: com- 


parative characteristics of existing sys- 
ail tems. 


5. Conceptual and mechanical prob- 
lems in the design of new systems for 
storage and search. 


& 6. Possible development of a general 
4 or inner theory of storage and search. 
ee 6 7. Responsibilities of governmental 


bodies, professional societies, universi- 


ties, and research and industrial organi- 
zations for research and training in 
scientific documentation and for opera- 
force .. . and a supply of good permanent magnets is a “must” if tion of scientific information services. 


you’re going to make with the E—mc? in outer space. (Technical Correspondence and questions relat- 


: ; . ing to the Conference s > ad- 
details on this are not quite ready for release.) ie Se ie Seneeeene hould be ad 
/ dressed to: International Conference of 


Scientific Information, National Acade- 
a routine flight over California and forgot to watch his flux density my of Sciences, 2101 Constitution Ave- 


indicator. Suddenly—no power . . . and he had to limp home on his nue, Washington 25, D.C. Cc 
auxiliaries, to face an irate wife. 

Too bad nobody told him about Thomas & Skinner’s complete 
line of magnetic materials—permanent magnets, wound cores, lam- 
inations and SiFeMag tapes. T & S magnetic materials have proved 
ideal in literally thousands of industrial applications. No reason Reliability Objectives in 
why they wouldn’t be ideal for space ship installations, too. - $ 

Electronic Design 


| N. M. BASHARA 
Department of Electrical Engineering 


SPECIALISTS IN Permanent Magnets @) Magnetic Tapes (XS University oF NEBRASKA 
MAGNETIC MATERIALS Laminations /.) and Wound Cores ©) en ene 


As everybody knows, space ships travel by cutting magnetic lines of 


This wandering spaceman from Planet Plexippedes was making 


THE PROGRAM AND DISCUSSIONS at the 
third National Symposium on Relia- 


is} P, bility in Electronics held early this year 
in Washington, D. C., highlighted 
ORO 


1. That phase of reliability that has 
1114 E. 23RD STREET, INDIANAPOLIS, INDIANA | been and is now receiving the most 
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‘Bendix Synchro “Supermarket” 
also headquarters for 


RADAR ANTENNA 


y 


Doubtless you’ve learned to depend on the Bendix 
Synchro “Supermarket” for fast delivery and 
tremendous selection of precision synchros, servo 
motors and other vital electronics systems com- 
ponents. But did you know that Bendix is also a 
prolific producer of radar antenna devices? 


Over the years Bendix airborne and ground- 


variety of exacting requirements. And, of course, 
world-famous Eclipse-Pioneer precision rotating 
components are standard in all Bendix radar 
antenna devices. 

When you order from Eclipse-Pioneer, you'll 
enjoy the advantages of experienced engineering 
coupled with favorable delivery and prices that 


based antenna devices have been successfully result from mass production techniques. 


District Offices: Burbank and San Francisco, Calif., Dayton, Ohio, and Seattle, 
. W ash.—Export Sales and Service: Bendix International Division, 205 E. 42nd 
a wide St., New York 17, N. Y 


designed by our highly specialized staff of radar 
and servo-mechanisms engineers to meet 


TYPICAL EXAMPLES OF BENDIX RADAR ANTENNA DEVICES 


Airborne reflector mounting and drive 
unit for x-band antenna; 2-speed, con- 
tinuous rotation in azimuth, either direc- 
tion; 40° and 60° sector scans; remote 
manual tilt; line of sight stabilization. 


Airborne weather radar antenna with 
line of sight stabilization for x- or c-band; 
switchable wide fan (cosecant squared) 
beam pattern for mapping or pencil 
beam for storm detection. 


Eclipse-Pioneer Division ay 


TETERBORO, N. J. 


Lightweight, ground-based, air-transportable Lightweight, ground-based, air-transportable, 
tracking antenna pedestal for mounting 8-ft. dual reflector, multi-band, high gain search 
diameter, s-band segmented parabolic reflector antenna and control system; 2-speed data 
and nutating scanner; highly accurate 2-speed systems and magnetic clutch drives in azimuth 
data systems in elevation and azimuth. and elevation. 


AVIATION CORPORATION 
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There is a right control for every job. By using Furnas Electric controls, 
UM eh ls eT Lt ele Tate 
i eh a) a -  Oee tS T oe 


Furnas Magnetic Starters are available 
through Size 4 in 10, instead of the usual 

5, different sizes from 1 to 100 hp. This pro- 
vides “In-Between” sizes, not otherwise 
available, at corresponding price and 

space advantages. 


Drum Controllers—over 1000 models 
available from 1 to 10 hp for whatever 
application you require. The durability, 
ease of opesation, versatility and low cost 
of drum controllers make them adaptable 
to the majority of applications satis- 

fied by manual control. 


Oil Tight Push Buttons for every need. 
Standardization and interchangeability mean 
more combinations with fewer parts. 
Complete accessory line. 


Foot Switches 
Pressu itch 
se Gutienes tink Sutees 


For more information write for Bulletin 5411€, 
1024 McKee Street, Batavia, Illinois 


FURNAS ELECTRIC COMPANY 


BATAVIA, ILLINOIS 
SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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concerted attention, has to do with the 
random-type failure which occurs in 
electronic equipment between the time 
when the devices are put into opera- 
tional use (and have therefore been 
thoroughly de-bugged) and the ex- 
pected wear-out time. This type of fail- 
ure increases in severity as the number 
of components increases and/or the 
desired failure-free time increases. 

2. With the greatly increased com- 
plexity of weapon systems in recent 
years (the B-52 is considered a weapon 
system), the military services have felt 
the need for a quantitative statement of 
the reliability of a given system. Within 
the past year such specifications as the 
following have begun to appear: “the 
WS XYZ (say bomber) shall have an 
equipment reliability of 85 per cent, 
that is, 85 out of every 100 of these 
systems (bombers) must perform their 
missions successfully without equip- 
ment failure. This includes return to 
home base. 

3. Such a specification is of vital 
interest to electronic manufacturers. It 
is estimated that something like half 
of the dollar volume of the industry 
comes from purchase of military de- 
vices. The specification is also cause 
for serious concern since it has been 
well substantiated that electronic de- 
vices are a major source of unreliabil- 
ity in military equipment. 

1. If this problem can be solved there 
will be other benefits forthcoming. For 
while the primary concern of the mil- 
itary strategist is to try to determine 
when he has enough equipment to do 
a given job, meeting this requirement 
will have important economic effects 
since the numbers of front-line operat- 
ing units needed sets up the whole 
chain of events related to the logistics 
of supply. 


Reliability and Functional 
Requirements 

5. It is immaterial to the electronic 
system designer and parts designer 
which of the above reasons is the more 
important. He has the immediate design 
objective of achieving a certain relia- 
bility level while at the same time 
satisfying the functional requirements. 
In addition to these there are other con- 
straints such as size and weight. It is 
perhaps something of an understate- 
ment to say that the reliability engineer 
is in a difficult position. 

6. Nor is this problem restricted only 
to the design of military equipment. 
Other considerations are operating in 
the civilian economy to increase the 
emphasis on optimal overall design. 
Here all branches of engineering are 
affected. 

7. The dilemma of the reliability en- 
gineer arises from the inevitable delay 
between the time when the problem 
(any problem) presents itself and the 
definition of the problem into specifics. 


ELECTRICAL MANUFACTURING 





yr 
‘ P 
* 


o_O 


RESISTORS 


For Long —Trouble-Free Service 


VITREOUS ENAMEL TUBULAR RESISTORS For wire-wound resistors to meet exact circuit re- 

In ratings from 3 to 200 watts. quirements—with the performance and ratings 
you need—look to Mallory. Mallory power resis- 

AXIAL LEAD RESISTORS tors incorporate many design features to assure 

a alla aU chek Punta superior life, high physical strength, and ability to 
withstand thermal shock. 


ADJUSTABLE VITREOUS ENAMEL RESISTORS 


Mallory power resistors are available in a wide 
In ratings up to 200 watts. 


range of physical sizes, power ratings, coatings—to 

fit a wide variety of applications. A consultation 

CEMENT COATED RESISTORS with a Mallory resistor specialist can help you 

In ratings from 5 to 200 watts. select the type best suited to your specific cir- 
“ cuit design. 

VITREOUS ENAMEL AND RW TYPES 


Complete information and 
To meet Military Specifications. 


requesting Catalog 79-8 


Expect more...Get more from 


Serving Industry with These Products: 


P.R. MALLORY & CO. inc. 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries A L L O Q 
Metallurgical — Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 


P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
standard components for your convenience 
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How can you design 


¢ Reliability . . . 
¢ Maintainability . . . 
¢ Operator efficiency .. . 


and other human factors 
into your equipment? 


For basic concepts and practical 
how-to" design guides get a copy 
of the multiple reprint . . . 


Human Engineering 
in 


Equipment Design 


This 94 page handbook contains previously published ELECTRICAL MANU- 
FACTURING articles on theory, techniques and practice of human engineering 
written for the special needs of the designer of electrically energized machines, 
equipment, appliances and instruments. Relationship between human engineering 
and broad aspects of reliability and maintenance are discussed. Certain articles 
emphasize design case histories and analyses of specific design parameters, in- 
cluding problems in military equipment, control systems, data processing systems, 
special-purpose instrumentations, and training devices. Methods for setting up 
human engineering groups within an engineering organization are given. Tables 
of human engineering “do’s and don'ts” and other practical design aids are 
provided. Contents include: 


Introduction to Human Engineering in Product Design 
Human Engineering in Control Systems 
Designing for Operator Size and Shape 
Human Engineering in Civilian Products 


Human-Engineered Electromechanical Tactual Sensory Control 
System 


Human-Engineered Design for Reliability and Maintenance 
Human Factors in Automaticity (an Editorial) 

Human Engineering in Equipment Design 

Your Product: How Light? How Small? How Compact? 
Design of Graphic Control Panels 


Price per copy $2.50. Orders, with remittance attached, should be sent to: 


Reader Service Department, The Gage Publishing Company 
1250 Sixth Avenue, New York 20, N. Y. 


(Special price on bulk orders.) 


This much has been accomplished. 
There is already a good appreciation 
of the kinds of tools needed. Most of 
the time these skills must be acquired 
after the reliability engineer starts on 
the job. However, a few universities 
have established curricula in systems 
engineering where greater emphasis is 
given to such subjects as_ statistics, 
numerical analysis, operations research, 
etc. 


Need for Coordination Stressed 

In an address, D. E. Noble, vice 
president and director of research, 
Motorola, Inc., called attention primar- 
ily to the failure of the Defense Depart- 
ment to achieve its primary objective, 
namely coordination of the various ac- 
tivities of the military services. In the 
opinion of the speaker, the government 
had proceeded in a direction opposite 
to that followed by industry, where it 
has become standard practice to de- 
centralize into smaller operating units. 
Dr. Noble stated that improvement in 
the ability to get to and use the knowl- 
edge now available but inaccessible, is 
one of our most serious problems. 

J. M. Bridges, director of electronics, 
Office of Assistant Secretary of De- 
fense, cited several examples of the 
progress being made in improving the 
reliability of military electronic equip- 
ment. A prototype model of an airborne 
digital computer (bombing/ navigation 
system) containing 10,000 electronic 
parts (including 300 electron tubes, 
5000 erystal diodes and 96 transistors) 
operated 450 hr with four failures, only 
one of which affected flight availability. 
The operating time included 135 hr in 
actual bombing exercises. A transistor- 
ized multiplex telegraph terminal set 
(ground equipment) operated 5000 hi 
with only two transistor failures. How- 
ever, a fire-control system of 43,000 
parts has a mean life of only 18 hr at 
the present. An earlier equipment of 
20,000 parts had a mean life of only 
6 hr. 

In the opinion of Mr. Bridges, the 
following points highlighted the past 
year’s accomplishments: 

a. On July 5, 1956, the Secretary of 
Defense issued DOD Directive No. 
322.1 covering the approval of 
new electronic equipment and 
systems for service use. This direc- 
tive makes it mandatory that the 
design of newly developed elec- 
tronic items be adequately tested 
for reliability as well as for op- 
erational performance before pro- 
duction for service use is author- 
ized. 

. On February 23, 1956, the Assist- 
ant Secretary of Defense (Engi- 
neering) issued Instruction No. 
3232.2 which establishes an im- 
proved electronic equipment fail- 
ure data reporting system. The 
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In a bearing, PLANNED PRECISION 
is the carefully evaluated incorporation of 


whatever precision features are necessary 
to provide for the functional requirements 
of the job—not more, not less. Precision 
refinements are costly, and should be 
selected with care to insure products that 
are both economically and functionally 
correct. 

In the NICE LINE, Product Designers 
will find a complete range of ball bearings 
incorporating varying degrees of precision. 
NICE catalog standard bearings are available 
in precision, semi-precision and unground 
types. If a specially designed bearing is 
the correct answer to the application problem, 
NICE engineers are qualified and capable 
“Specialists in Specials’. 

Write for Catalog No. 190 


( 


os > 


NICE BALL BEARING COMPANY 


NICETOWN ‘PHILADELPHIA: PENNSYLVANIA 
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IERC Heat-dissipating 
“plug-in” Tube Shields 
for Printed Circuits! 


cast socket & leads 


1ERC shield & base 


printed circuit board 


heat sink 
soldered 


Solves Design Problems of 
Electron Tubes Associated with 
Printed Circuit Boards! 


IERC’s latest heat-dissipating tube shields for round button and flat 
press subminiature electron tubes solve design and performance prob- 
lems of tubes associated with printed circuit boards. Standard socket 
and an Epoxy resin are integrally cast to the shield base. Socket leads 
extend from the Epoxy casting 90° to plane of base permitting direct 
plug-in to printed circuits for hand or dip-soldering of connections. 
Bulb temperatures are maintained to within 5°C of the heat sink 
temperature per watt of heat-dissipation when shields are attached, 
as suggested, to a heat sink of proper thickness for conduction or hollow 
duct types permitting air or liquid circulation. IERC’s patented design 
provides maximum cooling, excellent tube retention, shock and vibra- 
tion protection under severe conditions. Pertinent dimensions are to 
.1 inch grid layout. 


ts Pending 


International ~~). 


electronic research corporation 


145 West Magnolia Boulevard, Burbank, California 


IERC Research and Engineering experience on 
improving electron tube life and reliability has 
won industry-wide acceptance and established 
IERC as the Authority for the best answers to 
your tube failure problems. Write today for free 
information on IERC tube shields—the only 
complete line available for new equipment and 
retrofitting programs 


Heat-dissipating electron tube shields for miniature, subminiature octal and power tubes 
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chief objective of this new system 
is to provide a uniform reporting 
system for all electronic equipment 
for all Military Department. 

An increasing awareness of the 
need for reliability. 

d. Increasing use of printed wiring, 
transistors and improvement in 
electron tubes. 

Of the papers on the symposium pro- 
gram, the following were considered to 
be the most significant. 

“Numerical Reliability Require- 
ments,” by D. H. Wagner, Burroughs 
Corporation. This paper summarized 
the report of the group set up by 
AGREE (Advisory Group on Reliabil- 
ity of Electronic Equipment) to “de- 
velop minimum acceptable figures for 
reliability of the various types of mil- 
itary electronic equipment.” Desired 
mean life for some airborne equipment 
are: (1) Receiver—420 hr; (2) Trans- 
mitter—200 hr; (3) Radar—48 hr. 


Report on Acceptance Testing 

“Quantitative Reliability Acceptance 
Testing.” by W. T. Summerlin, Philco 
Corporation. This was also a summary 
report of an AGREE Task Group whose 
objective was to recommend adequate 
acceptance tests which were at the 
same time economically practical. A 
sequential sampling plan has been rec- 
ommended for each of four sets of en- 
vironments (L, M, H and X). The 
producers risk is set at 10 per cent, 
that is the sampling plan will reject 
more than 10 per cent of the equip- 
ments which have a satisfactory mean 
life. The consumer's risk of 10 per cent 
insures that no more than 10 per cent 
of the equipment will be accepted 
which do not have a satisfactory mean 
life. For proof-of-performance of the 
pilot models no less than two can be 
tested. 

Among other papers of interest were: 

“Optimum Network Synthesis,” by 
Louis Weinberg, Hughes Aircraft Com- 
pany. A presentation of synthesis tech- 
niques for designing ladder networks 
with a minimum number of elements by 
use of tables for handbook solutions. 
Butterworth, Tschebyscheff and Bessel 
characteristics are discussed. 

“Reliability for Parallel Redundant 
Systems,” by T. L. Burnett, Interna- 
tional Business Machine Company. 
Mathematical formuli are presented 
showing system reliability as a fune- 
tion of the reliability of components 
and switching devices. The effect of 
component duplication and the unre- 
liability of switching devices are 
presented for parallel systems and com- 
ponents. 

“Statistics Developments in Life 
Testing.” by Prof. Benjamin Epstein, 
Wayne University. Discussion of re- 
cently developed statistical methods for 
nalyzing data from and for the design 
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Sustained operating temperatures up to 400° F, as in guided missiles, are death to inferior electrical insulations and laminates 


CDF glass-base laminates of Teflon*—the only laminates of their kind approved by the military—can take this ¢ 


inishment steadily 


LATEST HIGH-HEAT INSULATION SYSTEMS 
NEED CDF GLASS-BASE LAMINATES AND TAPES 


Widest available range offers Teflon, epoxy, silicone, mica 


products for dimensional stability under continuous heat 


As components and equipment grow smaller, and heat 
becomes more difficult to dissipate, CDF high-heat 
electrical insulations become increasingly important to 
electronic design. For nowhere else can such a wide 
range of quality insulations be found under one roof 
as at CDF. 


FOR HIGH-HEAT PRINTED CIRCUITRY, CDF’ glass- 
base metal-clad laminates of Teflon* and epoxy exhibit 
best dimensional stability and current-carrying ca- 
pacity. Constant operating temperatures of 300°F 
soldering temperatures to 500°F — are readily met by 
these specialized CDF Dilecto® laminates. 


HIGH-HEAT FLEXIBLE INSULATIONS. CDF offers a 
wide choice of insulating tapes made of Teflon, silicone 
varnish, silicone rubber, and Micabond®, with glass- 
cloth support. CDF tapes may be used either by hand 
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wrapping or on automatic winding machines. Unsup- 
ported Teflon in colors available to meet MIL-STD 104. 


TEFLON SPAGHETTI TUBING AND OTHER SPECIALTIES. 
Part of CDF’s vast fabrication facilities is devoted to 
the production of custom parts from Teflon spa- 
ghetti tubing, rods, sheets, and machined parts to rigid 
specifications. 


NEW — cementable Teflon, bondable to itself and to 


other materials with commercial adhesives. 


SEE SWEET’S Product Design File, Electronics Buyers’ 
Guide, and other directories for the name and phone 
number of your CDF sales engineer. Then send your 
print or your problem, and we'll return specific tech- 
nical data and test samples. 


*trademark of DuPont tetrafluoroethylene resin 


CONTINENTAL- DIAMOND FIBRE 


A SUBSIDIARY OF THE £24 f COMPANY + NEWARK 13, DEL. 
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HIGH 


DIELECTRIC 
STRENGTH 


get 6.2 Kv/mil 


with NATURAL 


MICA! 


he ’ 
~ 





One-mil dielectric mica barrier used in 
microwave trimmer capacitors. 


Natural mineral MICA pro- 
vides high dielectric with 
excellent compressive and 
flexural properties: coil thin 
films around 1/8” mandrels — 
without damage. Add 1000°F. 
stability, low thermal conduc- 
tivity, expansion. 


And only FORD can shape 
and fabricate MICA into the 
precise form you need. Write 


for MICA BULLETIN and 
details. 























your 


PROBLEM 2 





.. Discuss it with FORD 
MICA engineers, backed 
by 40-year-plus leader- 
ship in mica insulation 
Precision-stamping and 
fabrication. 


os Since 


FORD POUL “5 


Pee Wy 


536-540 63rd Street 
Brooklyn, N.Y 


GEdneéy 9-830¢ 
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of optimum life tests. Time to reach a 
decision is recorded by use of sequen- 
tial, nonsequential and approximation 
techniques. 

“Specifying and Measuring Compo- 
nent Reliability,” I. K. Munson, Radio 
America. High reliabil- 
ity of components offer measurement of 
failure rate problems and costs that are 
becoming insurmountable economically. 


Corporation of 


Partial solution to some of these prob- 
lems was offered. 

“Reliability of 
Capacitors,” W. 
Electric Company. This paper demon- 
the quality, the 
salient factors to obtain high quality, 
presented data from the 
quality of metalized paper capacitors 
can be judged. 

“Standard Parts Can Be Versatile.” 
G. Neuschaefer, Naval Material Lab- 
oratory. Part failure analyses indicate 
for 
system specifying stability and life as 
well as rating and size. Standard meth- 
ods for life rating and identification 
are discussed. 

“Reliability 
sign Considerations,” 


Metalized 


Lamphier, 


Paper 
Sprague 


strates measure of 


and which 


need a general part classification 


Maintenance De- 
J. R. Smith, Navy 
Electronics Laboratory. Design for re- 
lability through utilization of available 
preferred circuits and parts, as well as 


and 


derating, ease of maintenance and 
sound production engineering are dis- 
cussed. 

“Design Standardization and Relia- 
bility.” J. Muncy, National Bureau of 
Standards. This paper illustrates how 
electrical 
mechanical design standards including 


previously established and 


preferred circuits aid in improving 
reliability. 

“A Method of 
tien.” GG. i. 
of America. The reasons for embarking 


Circuit Standardiza- 


Ross, Radio Corporation 


on circuit standardization and possible 
methods of attack The 
approach chosen combines analytical 


are discussed. 


and empirical techniques. 


Conclusions 
The following conclusions can be 
reached from the papers and discus- 


sions at this meeting: 
1. Reliability 
portant part of electronic engineering. 
2. Much work in the statistics of re- 
liability 
3. There does not yet appear to be 


has become an im. 


is needed. 


a good understanding of why electronic 
parts show a random failure behavior. 
1. There is a practical need for ac- 


celerated testing particularly in de- 
terioration of dielectrics and the fa- 


tiguing of metals. 

5. Military specifications will contain 
minimum reliability requirements. 

6. The work on improving reliability 
of military electronics will undoubted]; 
influence nonmilitary There 
should develop (if the work is to suc- 


= Sig 
design. 


Cold Heading 
Cost Savings 


Actual Cost Cuts 
As High As 70% 


The most important consideration 
we can point out to the designer or 
purchaser of fasteners and small 
parts is that any part which can be 
machined from rod stock is also po- 
tentially available from the cold 
heading manufacturer. This tech- 
nique offers speed of production, 
without scrap loss, plus superior 
strength and appearance for low cost 
and high design efficiency. 


The designer need not be restricted 
to standard fastener sizes when they 
do not meet the requirements of his 
application. It is often much less ex- 
pensive to specify a rivet, nail or 
screw to meet the task exactly as the 
application requires, than it is to 
compromise its function for the sake 
of ‘‘standards.”’ While there is noth- 
ing mysterious about the cold head- 
ing process, experience has proved it 
to be of inestimable value for getting 
maximum quality .and output at a 
minimum cost. While the really spec- 
tacular advantages in cost show up in 
runs of several thousand pieces, we 
are also able to take care of short run 
requirements. We welcome and ex- 
pect manufacturers to come to us for 
advice and assistance concerning 
their fastener problems. 


Given complete specifications, in- 
cluding a drawing and an idea of the 
application, we can quickly tell you 
whether or not it will be advanta- 
geous to have your fastener or part 
JOB-DESIGNED by HASSALL. 
The remaining important aspect of 
our service to you is the ability to 
get into production quickly and 
make prompt shipment. 


Write for a copy of our new book- 
let, “What the Designer Should 
Know about Cold Heading”. 


John Hassall, inc. 


P.O. Box 2225 
Westbury, Long Island, N. Y. 
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MODULIZED 


SERVO SYSTEMS 


QUICKLY INTERCHANGEABLE ...EASILY SERVICED 
e Miniaturized e Lightweight e Simple, fast installation e Meets MIL-E-5272 
e Can be hermetically sealed with dimensional changes 


























OSTER TYPE SB-9805-01 SB-9805-02 SB-9805-03 SB-9805-11 
Motor 4 ea ® 
Fixed Phase Voltage 26v 115v 26v 
26V T15v BV 
Frequency 400 400 
Max. Power @ Stall 6 6 
No Load Speed 10,500 10,500 





Excitation Voltage Phasel_|__26v___|——_—+! 


26v 














Output Phase 2 0.3v/1000 RPM 0.3v/1000 RPM 
100,000 ohm 100,000 ohm 
load load 
.012v = 
Wobble Voltage a 
[ (Power Excitation) | 3.5wattsMax.| 
RPM RPM 
Potentiometer ir a nea 
360 
1000 ohms 


aA 

Electrical Angle 350" 

Servo Block Unit peer ae pg 

—55°C to 72°C —55°C to 72°C 
55,000 feet 55,000 feet 55,000 feet 55,000 feet 

excluding pot. | excluding pot. | excluding pot. | excluding pot. 


+ 
or 
x 


ee OM eee ee ee 
Ratio 1000: 1 336.1 167:1 10,000 : 1 


Dust Enclosed per Section 4.11 Section 4.11 Section 4.11 Section 4.11 
MIL-E-5272A | MIL-E-5272A | MIL-E-5272A | MIL-E-5272A 
Backlash 1 1 Anti-Backlash 
gear on pot. 

be 





Input Voltage—Stator he 


Output Voltage—Rotor 





Offered as illustrated with 





binations of: 
Input Voltage Pi 100v de 100v de ones situa 
input Power 2.0 watts Max. | 2.0 watts Max. art synchro 
5 milliseconds | 5 milliseconds brake motor-tach 
Operate Time—De-energize ____| 20 milliseconds] 20 milliseconds a clutch-brake = potentiometer 





Write for further information TODAY, enclosing details of your requirement. 
Other products include motor- 


gear-trains, synchros, AC drive MANUFACTURING COMPANY 


motors, DC motors, servo mech- Your Rotating Equipment Specialist 
anism assemblies, motor tachs, 


servo torque units, reference and 
achometer generators, actuators, 
motor driven blower and fan 
assemblies and fast response re- Engineers For Advanced Projects: 
solvers. 


Avionic Division 
Racine, Wisconsin 


a 





ADVERTISING 


Interesting, varied work on designing transistor circuits and servo mechanisms. 
Contact Mr. Zelazo, Director of Research, in confidence. 


ON BROWNE 


aT 
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ceed) quantitative engineering tools 
for optimal design of equipment con- 
sidering size, weight, cost, reliability, 
as well as functional performance. 

Two basic recommendations can be 
made: 

1. It appears to be practical to work 
for a design goal of the fewest parts 
needed. 

2. There are important areas for 
physical research particularly a better 
understanding of the mechanisms of de- 
terioration of materials when subjected 
simultaneously to wide ranges of stress. 


00 ¢ 


Western Electric Launches 
Graduate Engineering Program 


In cooperation with a number of lead- 
ing universities the Western Electric 
Co. has launched a program of grad- 
uate education for its engineers, the 
cost being borne entirely by the com- 
pany. The educational activities are 
being conducted on college campuses 
and in three specially equipped centers 
in New York, Chicago and Winston- 
Salem. When in full operation, the 
program will involve a staff of some 
65 fulltime Western Electric instruc- 
tors and administrative people, and 
about an equal number of instructors 
recruited on a part-time basis from the 
faculties of cooperating universities. 

The first of the three training centers 
opened in June at the Coliseum Tow- 
ers. New York City. Instruction for the 
initial class of students was arranged 
through New York University. Initial 
classes are also reported for study on 
the campuses of Northwestern and 
Duke Universities. Similar groups were 
scheduled for Cornell, Illinois Institute 
of Technology and North Carolina 
State during the summer. 

After four to six months on a full- 
time engineering assignment, groups of 
newly employeed engineers will attend 
a series of courses spanning nine 
weeks at one of the training centers. 
Included in this curriculum will be 
such subjects as “Planning for Manu- 
facture.” and “Product Design Prin- 
ciples.” On completion of these studies 
the students return to their job as- 
signments for 6 to 12 months and then 
become eligible for the second phase. 
“General Development.” This work 
will broaden the engineer’s knowledge 
of the advancing technology of the 
business. 

Subsequently, they and other expe- 
rienced engineers are eligible for the 
Advancd Development phase. The 
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How can you ue SPRING-LOCK? 
THE FASTENER WITH USES UNLIMITED 





As a standard removable 
fastener or a blind rivet 


A quarter-turn locks, un- 
locks. Load-carrying steel 
arms lock securely, don’t 
loosen under vibration. 
One-piece (no receptacle) 
simplifies blind fastening. 





As a cabinet door strike 


Millions in use on kitchen 
cabinets, automatic dish- 
washers, etc. Standard 
strikes available from 
stock, or custom designed 
for special contour re- 
quirements. 





As a roller axle 


Now used on range draw- 
ers, kitchen cabinets, file 
cabinets, desks. Cuts in- 
stallation costs, saves 
time. Designed to suit. 
Available with or without 
roller. 





As a plastic shelf support 


..- With the heart of steel 
for extra strength. Mil- 
lions now used by all 
major refrigerator man- 
ufacturers. Complete flex- 
ibility of head design. 





As cup hooks 


High-strength polysty- 
rene or chrome-plated die 
cast zinc. Inexpensive, 
sturdy and good-looking. 
Simply and quickly in- 
stalled with a twist of the 
wrist. 


4 





What is your application for 


SPRING-LOCK? 


Send us your application in- 
quiries. Our engineers will 
answer you specifically and 
promptly. Or, write today for the 
Simmons Catalog. SPRING-LOCK 
samples are available upon 
request. 


S 4 Ww wi ON S FASTENER CORPORATION 


1752 North Broadway, Albany 1, New York 


QUICK-LOCK . 
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e ROTO-LOCK 
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¢ courses will provide intensive training 
=. in subjects such as operations research, 
ea, a a; \ industrial control devices, engineering 


statistics, planning of manufacturing 


eo facilities, computer theory, advanced 
INSULATION BLOWOUTS mn tool design and others. 

; 4, In commenting upon the new pro- 
h gram, T. E. Shea, vice president-engi- 
i er neering said: “While a shortage of 

CONDUCTOR BREAKDOWNS engineers and scientists exists and no 


Ps doubt will for a long time continue to 
” fF (% exists in this country, The Western 
¢ " 
- 3 


Electric Co. believes that graduate 





training designed specifically for its 
< engineering body can ease this critical 


10 problem by making young engineers 
34-57 5% more quickly effective and by increas- 
24 : cance . ; 
r cee ing the capabilities of experienced 
ene 


engineers. 

“Our company like many others to- 
day, faces the greatest pace of tech- 
nological change it has ever known. 
A Much of this change involves new art 


and science not taught formerly in 


eZ i. wit engineering schools or which has not 
_ ie been easy for engineers to acquire 

Le | ° 
te, | subsequent to graduation . . . Many 


', courses of high interest to a particular 
company or industry are specialized to 
DISEASES ale AVOIDABLE the extent that academic institutions 
would not be justified in offering them 


for general enrollment. 
“Like all major educational efforts, 


Synkote engineered and constructed cables the program we are instituting is of 
are free of these ills. Long life, quality necessity evolutionary in character. It 
is bound to change as experience is 
and performance are assured by ample acquired. Participation by university 
insulation thicknesses, proper compounding, instructors in the program and obser- 
; vation and advice by faculty officials, 
uniform and adequate conductors and will help not only to perfect this effort 
constant continuity testing. but show the best way in which 
universities and industries such as 

Whether it be a few or a hundred conductors, ours share the problem. . 
wlvatiber they ™ braided, wrapped, foiled, | The or nate Electric . realizes 
oe ; that the basis of . professional develop- 
striped or jacketed you will find our engineers ment is self-development which must 
have the know-how requisite to the production largely be acquired in informal and 
. 5 3 unorganized ways. But it believes the 
of faultless high-quality multi-conductor cable new Graduate Engineering Training 


to meet the most exacting specifications. Program will both stimulate this self- 
development, and also render it more 
feasible, by supplying additional 
groundwork on which the individual 
engineer may build. There are, in my 
opinion, absolutely no limits to the 
creativeness and effectiveness of our 
engineering body, given adequate tech- 
nical knowledge and strong moti- 
vation.” OO ¢ 
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FOR SURE PERFORMANCE 


Color X-Ray Viewer 
PLAST(PHD : Increases Readability 
OL alicn THE DEVELOPMENT OF A COLOR X-RAY 


viewing system that increases the read- 





Plant: HAMBURG, N. J. © Offices: 42-61 24th Steet, Long Island City 1, New York ability of X-ray pictures through the 


use of contrast enhancement and color 
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. NOW-—from a single stock Sola voltage regulator— 
, : +1% regulation of all these 6.3v tube filaments* 
) Now, you can supply banks of 6.3v electron tubes with +1% 


regulated filament voltage from a single Sola Constant Voltage Fila- 


ment Transformer. This static-magnetic stabilizer, designed for com- 
pact mounting as a manufacturer’s component, is available in five 
_ | stock ratings ranging from 5 to 25 amperes. 
{ 


The Sola Constant Voltage Filament Transformer assures su- 
perior performance, reliability, and long life for the tubes it operates. 
The capacitor, an integral part of the Sola Constant Voltage principle, 


is supplied separately for external mounting, allowing greater flexi- 
bility in physical layout. 
For further information on regulated 6.3v filament supply, contact 
your area representative or write for Circular CVF-269. 
iy *Filament current drawn by 160 electron tubes with filament ratings of .15a each 
equals 24a— within the capacity of Sola’s 25a Constant Voltage Filament Transformer. 









UW SOLA nsnsccnmens 


Sola Electric Co. © 4633 W. 16th Street e Chicago 50, illinois 
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AGAINST 


MOTOR OVERLOAD 
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MOTOR PROTECTORS 
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MIGHTY MITE motor protectors are 
miniature thermal controls which auto- 
matically break the circuit when motor 
temperature exceeds a safe operating 
level. This offers continuous protection 
against overloading and voltage varia- 
tion. It eliminates charring of insulation 
and other undesirable effects of over- 
heating. MIGHTY MITES have helped 
many products to be safer and more de- 
pendable in operation, and therefore, 





easier to sell. 


Check These Features 


MIGHTY MITES are accurately 
pre-calibrated at our factory to 
your particular motor require- 
ments. 

Sizes available as small as 3/4” 
long x 5/16” wide. 

Will fit practically any stator, re- 
gardless of lamination shape. 
Leads or terminals furnished to 
meet specific needs. 

Wide range of models in capa- 
cities up to 1/3 h.p., 115/230 


volts, for break-temperature re- 
quirements up to 200° C. 


MIGHTY MITES are tamper- 
proof to provide the most de- 
pendable and safest protection. 
No change in normal motor as- 
sembly procedure. 


Packaged and labeled for 
production line assembly. No 
further adjustment or other han- 
dling required. 


WRITE TODAY FOR SAMPLES... ENGINEERING AID AVAILABLE 


CLA 
Silt Ged 


ee 
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TV techniques was recently announced 
by Phileo Corporation. 

The Philco “Exicon” system performs 
three functions to quickly and accu- 
rately extract a maximum amount of 
information from an ordinary X-ray 
transparency. 

The image on an X-ray negative is 
transformed into a video signal by 
means of a flying-spot scanner. This 
signal is then fed to a contrast en- 
hancing device in which adjacent areas 
having a difference in brightness that 
is hardly discernible, may have thei 
relative contrast enhanced well above 
the threshold of visibility. This TV sig- 
nal is then fed to a color converter 
and a color monitor where the X-ray 
picture is reproduced in color. The 
strongest signal obtained from particu- 
larly transparent sections of the nega- 
tive is portrayed as red; the weakest 
signal shows up as blue. Between these 
extremes, colors range through orange, 
vellow. chartreuse, green, and cyan. 
The system provides flexibility so that 
different color sequences may be em- 
ployed. It is also possible to reverse the 
polarity to obtain negative or positive 
presentation. 

Joseph Fisher, Phileo Government & 
Industrial Research Division section en- 
gineer, pointed out that the eye does a 
poor job ot remembering different 
shades of gray. “Color”, he added, “is 
quite easily remembered.” By trans- 
forming the gray scales into correspond- 
ing varieties of color hue, the eye can 
compare not only adjacent areas of the 
subject matter, but also separated areas. 
All areas of equal density in the X-ray 
negative are displayed in the same 
color. 

This new viewing system has at- 
tracted considerable attention in the 
medical profession. A prototype model 
is currently being demonstrated before 
representatives of a number of major 
civilian and military medical installa- 
tions. Other uses for the new system 
now under study include: aerial recon- 
naissance, air traffic control, and vari- 
ous industrial techniques such as those 
employed in the fields of metallurgy, 
chemistry, and pharmacology. 


Shortage of Examiners Holding 
Up Issuance of Patents 


THE PATENT OFFICE IS STILL desper- 
ately in need of engineers and scien- 
tists to serve as patent examiners, ac 
cording to The New York Patent Law 
Association. While delays in the pro- 
cessing of patent applications have 
been somewhat reduced during the past 
year, it still takes about ten months be- 
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SUPER DYLAN’ polyethylene means lower cost, 
faster production—on Travelaire Room Cooler 


PHE TRAVELAIRE Portabl 
Room Cooler is a hot-weather blessing 
It circulates cooled, filtered air at two 
speeds. The air passes through a plastic 
grille with twenty-four adjustable louvers 
Production of this louvered grille could 
have been an expensive headache. In- 
stead, it was as simple as using SUPER 


DYLAN polyethylene. 


SUPER DYLAN eliminates hardware 


lo obtain greatest production efh- 
ciency the molded Super DyLan frame- 
work was designed with 114¢-inch-deep 
recesses containing under-cuts to hold 
the louver ends. The design has a two- 
fold advantage. It eliminates hardware— 
thus cutting costs, and, because SUPER 
DyLaANn is rigid yet resilient, workmen 
simply snap the louver ends into place. 
No further bracing, binding agent or 
hardware is necessary. Although the 
SurpER DyLan frame holds the louver 
ends firmly, there is enough clearance to 
allow turning of the louvers—thus direct- 
ing the flow of air. It adds up to a highly 
efficient application for SurpER DYLAN 
polyethylene. 

There is an excellent chance that one 
of Koppers Plastics can bring greate1 
efhciency to your production For more 
information on SupeR DyLan, DYLAN 
polyethylene, Dyiim expandable poly 
styrene or DyLENE® polystyrene, write to 
Koppers Company, Inc., ¢ hemical Divi- 


sion, Dept EM-97, Pittsburgh 19, Pa 


Moulder: Wonesco Plastics Company 
415 South lst Street, Phoenix, Arizona 





The Travelaire Portable Room Cooler Model 1260 can be rolled on 
wheels or placed in a window as an intake or exhaust fan. The air is 
both cooled and filtered. 


The deep, undercut recesses shown here make it possible to snap louver 
ends into place. The louver can then be turned to direct air flow without 
aid of hardware. Framework is molded from SupER DYLAN polyethylene 
and louvers are molded from medium impact DYLENE polystyren¢ 


KOPPERS 
PLASTICS 








Offices in Principal Cities * In Canada: Dominion Anilines and Chemicals Ltd., Toronto, Ontario 
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Some Springs Have It...Some Don’t 











The difference in spring performance is most often due 








to the wire or strip used ... and there’s more to a spring material than 








just the “bounce”. How about other requirements, such as 








corrosion resistance, high temperature properties, fatigue resistance 





and low temperature toughness. 








When your springs need any of these properties your 








best bet is one of our alloy spring materials. 








Riverside-Alloy Metal Division can supply you with spring wire and strip 








in stainless steels, nickel alloys, phosphor bronze and beryllium copper. 





Learn more about our spring materials. Write to 


i 








Riverside-Alloy Metal Division, 
















H. K. Porter Company, Inc., Riverside, N. J. 


Send today for our 






free handbooks 




















ALLOY METAL WIRE RIVERSIDE METAL PRENTISS WIRE MILLS 
Prospect Park, Pa Riverside, N.J. Holyoke, Mass. 


JEL. JK. JPORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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fore a new patent applicauon is first 
examined, and an average of 31% 
years before a patent is issued. 

These delays create uncertainty as 
to the patent status of new products 
and processes and tend to slow down or 
defer their adoption by industry and 
their introduction to the public. This 
situation can handicap the larger cor- 
poration and can be critical for the in- 
dividual inventor and the small busi- 
nessman whose operations revolve 
around patented products and proces- 
ses, 

The key to this log jam is more pat- 
ent examiners — technically trained 
men and women who will evaluate ap- 
plications for patents to determine 
whether the new suggestions are novel 
and whether invention is_ involved. 
While there are openings in all areas, 
electrical engineers and_ electronics 
specialists are particularly needed. 
Men and women holding college de- 
grees in engineering or applied science 
or a degree with a “major” in chemis- 
try or physics, or with certain com- 
bined credits in these fields, are eligi- 
ble for appointment as patent examin- 
ers, without examination, upon appli- 
cation to the Commissioner of Patents 
in Washington, D. C. 

Under the revised salary schedule the 
minimum starting salary is $4480 per 
year. Promotion to $5335 per year may 
be expected after three months’ serv- 
ice, based solely on ability and work 
performance. With as little as six 
months of professional experience in 
engineering, chemistry, physics, or pat- 
ent law, the starting salary is $5335 
per year with an expected increase to 
$6250 nine months later. It is normal 
for an examiner to be earning $8215 
annually in less than five years after 
graduation from college, with addi- 
tional opportunities for promotion up 
to $13,760. These openings offer stable, 
quasi-judicial positions which afford an 
unusually large degree of professional 
freedom. 

During each of the past few years 
the Patent Office has been adding an 
increasing number of women to its 
staff of examiners. OOO 


Semiconductor Outlook 


It has been predicted by a General 


| Electric executive that annual sales of 
| transistors and other semiconductors 


could reach 1-billion dollars in the next 
ten years. 

James H. Sweeney, manager of 
marketing for GE’s Semiconductor 
Products Department, said that sales 


| of transistors and other electronic com- 


ponents made from semiconductor ma- 


| terials have risen so fast in the last few 


years that they have continually out- 
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Using the improved 
EEWS@L 6230 System 


to Protect 
Pruuted Cé ‘3 


1. SURVIVES SEVERE THERMALSHOCK 
2. RESISTS HIGH HUMIDITY 
3. BONDS COMPONENTS TO BOARD 
4. BETTER FLEXIBILITY 
5. SPRAY, BRUSH OR DIP 
6. 100% SOLIDS 
7. NO SPECIAL CLEANING 


8. DEVELOPED FOR MILITARY 
APPLICATIONS 


WRITE, WIRE OR PHONE 


HOUGHTON LABORATORIES INC. 
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12320 LUCILE STREET 2 % 
CULVER CITY a \ % 


SIVE 
In California “@ "Oe In Canede 


HYSOL (CANADA) LTO 
TORONTO 17 


Predecs of HOUGHTON LAB TORIES, INC 


a 
+ 


% 


¢ Pe 
WEN 1caL até 


Circle 359 on page 17 


stripped even the most optimistic 
market projections. 

“Thus a sales volume of 1-billion 
dollars for the semiconductor industry 
in 1967 could even be a little low,” he 
stated. 

This year sales of semiconductors are 
now expected to exceed $140,000.000. 
rhis is an increase of 82 per cent over 
total semiconductor industry sales of 
$77.000.000 in 1956 and 40 per cent 
over what most market analysts pre- 
dicted last December for the year. 

Speaking before a meeting of the Air 
Force Reserve Ofhicers Association. 
Sweeney pointed out that research, de- 
velopment and customer acceptance of 
transistors and other  tube-replacing 
semiconductors have been three-times as 
fast as the overall growth of the electron 
tube business and said that the support 
of the military services has been mainly 
responsible. 

He said that new devices resulting 
from technical achievements spurred by 
military requirements are rapidly being 
adapted to consumer and _ industrial 
equipment like portable radios, portable 
phonographs, computers and control 
equipment where they are replacing 
electron tubes. 

He pointed out however that he did 
not feel semiconductors would com- 
pletely replace electron tubes. 

“We believe that over the long haul 
better than 50 per cent of the uses of 
transistors and other semiconductors 
will be in equipment not practical or 
even possible with electron tubes, in- 
deed, we expect that in many pieces of 
equipment in future years, transistors, 
other semiconductors and electron tubes 
will work side by side. each doing the 
work for which it is best fitted but all 
expanding the uses of electronics.” 

Sweeney said that two basic factors 
would be responsible for even greater 
widespread use of transistors. These 
were the adoption by the industry of 
standard housings for semiconductors 
and the eventual pricing of entertain- 
ment transistors at levels the same or 
lower than electron tubes for equivalent 
jobs in electronic circuits. He expects 
this to happen between 1960 and 1962 
as a result of large scale mechanization 
of semiconductor manufacturing. 

He pointed out that industrial 
transistors are already the same price 
or lower than equivalent special purpose 
industrial tubes today. 


Postcard return cards are pro- 
vided on page 17 as a convenience 
to the reader in obtaining further 
information on 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Phase Shift le eaneiiies Eliminated 
In New HELIPOT’ Precision Potentiometers 


SPECIAL D-H ALLOYS MAKE 
AIR-CORE WINDINGS PRACTICAL! 


Helipot’s purpose in designing its new, air-core wound series 7700 
Potentiometers was to make possible operation at higher frequencies 
with 0° phase shift—thereby eliminating compensation circuitry 

In nearly all multi-turn potentiometers, resistance wire is wound 
On an insulated copper-wire mandrel. This type of mandrel is used 
because it has uniform diameter, good heat conductivity and high 
thermal capacity. However, a disadvantage of such construction is the 
relatively large distributed capacitance between the resistance wind- 
ing and the mandrel. When such a potentiometer is used as an AC 
voltage divider, the output generally differs in phase and magnitude 
from the desired output. This interferes with the effective use of high 
accuracy potentiometers unless compensation is applied somewhere 
in the circuit. 

Helipot engineers desired to eliminate these problems by eliminat- 
ing the copper-wire mandrel. But the elimination of the mandrel also 


Driver-H. arvis 


HARRISON, W JERSEY 


r NG AMPBELL, IN os Ang 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES; 
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eliminated the support for the winding. Needed, therefore, was a type 
of wire that would make a self-supporting air-core winding. 

At Helipot’s request, Driver-Harris went to work with these speci- 
fications: The wire must be of dependabie uniform hardness so that 
in stretching it, equal spacing between turns is obtained, free of creep. 
This is essential to linearity. The wire also must be of unvarying di- 
ameter for uniform resistance. And its surface must be extremely 
clean—free of oxide coating to minimize contact “noise”. 

Driver-Harris produced the wire—a special hard-drawn form of 
Karma* and Nichrome And Helipot produced its new 10-turn 
series 7700 potentiometers in a resistance range from 200 to 5000 
ohms. With this radically new air-core winding, linearity approaches 
the resolution of the unit without resort to padding or shunting. And 
phase shift in AC circuitry is reduced to less than 0.1 

Since 1899, Driver-Harris has produced 132 special-purpose alloys 
in just this fashion—in answer to a particular problem and extraor- 
dinary specifications. If your own engineering and product develop- 
ment plans currently hinge upon a special alloy—why not bring your 
problem to Driver-Harris. Your inquiry is invited. 


s Company 


d 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bers-«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


“weg at New York + Boston +Wallingford, Conn. + Philadelphia + Charlotte, 
* Cincinnati * Cleveland + Detroit + Pittsburgh + Butfalo + Chicago « 
“anes * St. Lowis + Los Angeles + San Francisco * Spokane + Seattle 
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Dress Up Your Products 
with these 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 M. Monticello * Skokie, IH. 
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Transistor-Magnetic Amplifiers 


(Continued from page 88) 


frequency to be amplified by the transistor a-c amplifier: 
L». and Co 
sing the fundamental and any other harmonic which may 


are tuned to this frequency, thereby suppres- 
be present. For applications where the total resistance 


in the control winding is low, better gain may be realized 
by using an additional parallel resonant LC 
to the 
the control circuit. 

Phe output of the a-c amplifier is taken to a phase 


am takes 


circuit 


tuned second harmonic or by using a choke 


advantage ol 
How ° 


including conventional 


discriminator, which in this diagt 


design simplicity in using symmetrical transistors. 


ever, other type discriminators 


diode circuits may be used satisfactorily. The dis- 


criminator reference voltage is simply obtained by 


full-wave rectification of the supply voltage and utilizing 
the second harmonic which is 4/37 times the peak value 
of the rectified output. Capacitor C, 


phase with respect to the signal phase for proper opera- 


adjusts the reference 


The discriminator output is in the order of volts. 
transistor amplifier may 


tion. 
therefore. a relatively stable d-c 
be conveniently used for further amplification or in many 
cases the output may be taken from the discriminator. 
Negative feedback from the output to winding Ni on the 
modulator greatly improves linearity and stabilizes the 
temperature and supply voltage variations. For best per- 
formance, the modulator must be 
shielded. This offers no particular problem in that the 
cores are usually small and the shield provides a con- 


cores magnetically 


venient means of supporting the cores. 


Amplifiers of this type can be easily duplicated with 
minimum individual adjustment for power gain in the 
order of a million with response of a few milliseconds and 
with zero drift less than 0.1 per cent for supply voltage 
Furthermore if both transistor 
designed with 


good temperature stability is achieved. 


variation of 5 per cent. 


amplifiers are silicon transistors and 


opel ated class A. 
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‘‘MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


P | 
HIGH TENSILE STRENGTH. “Mylar” 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi. 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil 
factor of 0.003 at 60 ecvcles 


iverage power 
dielectric 


constant above 3.0 at 72°F., 1,000 cycles. 


THERMAL STABILITY. Tests prove 
**‘Mylar” has an effective operating range, 


80°F. to 300°F won't brittle with age 


Here’s why IBM introduced magnetic tape made 
with DuPont MYLAR for electronic data processing 


PROBLEM: International Business 
Machines Corporation wanted to in- 
crease the humidity and temperature 
range of magnetic tape used in its 
data-processing equipment. IBM was 
looking for a magnetic tape that 
maintained a relatively stable dimen- 
sion through a wider range of atmos- 
pheric conditions. 


SPAT 


BETTER THINGS FOR BETTER LIVING 
. «+ THROUGH CHEMISTRY 


DU PONT rR) 


MYLAR 


POLYESTER FILM 
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SOLUTION: After conducting field 
tests over a period of 14 months, in 
conjunction with its own environ- 
mental test program on data-proc- 
essing machines, IBM introduced 
magnetic tape using Du Pont 
*“Mylar’’* polyester film as the base. 
RESULTS: Magnetic tape made with 
““Mylar’’, reports IBM, has good 
dimensional stability. This stability 
reduces the need for critically con- 
trolling temperature and humidity 


*“MYLAR” is Du Pont’ 


I. du Pont de Nemours & Co 
Film Dept., 


(Inc.) 


Please send your booklet out 
lining advantages of magnetic re 


cording tape made with “‘Mylar”’ Snes 


Room EM-9, Wilmington 98, Del 


in recording or storage areas. 


HOW CAN “MYLAR” HELP YOU? No 
matter what product you make, it 
will pay you to investigate the unique 
opportunities offered by “‘Mylar” 

. Opportunities to speed up pro- 
duction, improve performance or cut 
costs. For dramatic proof through 
successful applications of ““Mylar’’, 
send today for a copy of our new 
booklet. 


Application 





Please send your booklet list 
ing properties, applications and 


Company 
Address 








types of ‘Mylar’ available. (MB-11) 
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Guide to Buyin 


MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, 


Saginaw 
Motors 


BALL-SCREW 


Div., 
Mich. 


Gear 
Saginaw, 


Steering 
Corp., 


General 


ADHESIVES 


Armstrong Cork C 7009 Ir 
caster, Pa 
Durez, Plastics 
chemical Co l 
Tonawanda, N. Y 
Houghton Laboratories 
Ave., Olean, N. Y 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 
Koppers Co., Inc., Chemical Div., 
pers Bidg., Pittsburgh 19, Pa 
Minnesota Mining & Mfg Co., 
Products Div., 
Paul 6, Minn 


gersol, Lan- 


Hooker 
Walck 


Div Electro 
1 Rd N 


Inc., 140 Houghton 


Kop- 


Plectrical 
900 Fauquier Ave., St 


ALUMINUM. See also Castings. 


Aluminum Co f America, 2315-J Alcoa 
Bldg Pittsburg! 19 Pa 

Aluminum Manufacturing Co., 
Manitowoc, Wis 

American Brass Co r 

Hunter-Douglas Aluminum Corp., Dept 
EM-8, Riverside, Calif. 

Kaiser Aluminum and Chemical Sales, Inc., 
1924 Broadway, Oakland 12, Calif 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17. N. Y. 

Reynolds Metals Co., P.O. Box 1800-ED. 
Louisville 1, Ky 


Goods 


Waterbury 20, Cor 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovor Corp., New Bedford, Maas 
Bristol ©o., Waterbury 20, Conn. 
General Dlectric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 
Kearfott Co, Inc., Main 
Clifton. N. J 
Leach Relay 
Avalon Bivd., 
Librascope, Inc., 
dale 1, Calif 
Magnetic Amplifiers, Inc., 632 Tinton Ave., 
New York 55. N. Y¥ 
Nothelfer Winding Laboratories, P. O 
Box 455, Dept. 101, Trenton 3, N. J 
Sanborn Co., 175 Wyman, Waltham 54, 
Mass 
Servomechanisms Inc 
Brooklyn Ave 
Bervospeed Cc 
Inc., 4 Godwin 
Southwestern 
2831 Post 
Houston 
Transicoll Corp., 
County, Pa 
United Transformer Co., 
York 18. N. Y 
Vickers Electric Div 
Locust, St. Louis 3 
Westinghouse Flectri 
ter Bldg. No. 3 
burgh 30, Pa 
Weston Electrical Instrument Corp 
of Daystrom, Ine 614 
Ave.. Newark 5, N. J 


1378 Ave., 


Div., Leach Corp., 5915 
Tos Angeles 3. Calif 
808 Western Ave., Glen- 


. Mechatrol Div.. 17 
Westbury. LI, N.Y 
Div. of Electro-Devices 
Ave., Paterson 1. N. J 
Industrial Electronics Co 
Oak Rd., P. O. Box 13058 
Texas 
Worcester, Montgomery 
150 Varick, New 
Vickers Inc., 1803 
Mo 
Corn., Gateway Cen- 
401 Liberty Ave., Pitts- 


A sub 
Frelinghuysen 


ANODES. PLATING 


American Brass ( 
American P 
Railroad 
Baker & 
N. J 


Waterbury 20, Conr 
atinum Works, 231 New Jersey 
Ave Newark 5, N. J 

Co., Inc., 113 Astor, Newark 5 


Chase Rrass & C Sub. of Ken- 
nerott Copper Corp., Waterbury 20, Conn 

General Plat Metals and Controls 
Cor 1909 r Attlebor M 
Silver, Gold) 

Handy & Harman. 82 Fulton 
88 N. Y. (Silver. Gold 
Hussey & . « G Pittsburgh 19, Pa 
Revere Copr and Brass, Inc., 230 Park 
Ave New York 17, N. ¥Y 
Beymour Maufacturing C Seyn 


pper Co 


New York 


yur, Conn 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos 


AUTOMATION EQUIPMENT 
Stromberg -Carison A Div of 
Dynamics Corp 117 
Rochester 3, N. Y¥ 


Genera! 
Carison Rd 


354 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
Micro Balancing, Inc., Rd., 
Garden City Park, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Herricks 


BALLS, BEARING 


Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich. 
SKF Industries, inc., Philadelphia 32, Pa. 


BATTERIES, DRY 


Mallory & Co., Ine., 
6. Ind 

National Carbon Co., Inc, A Div. of 
Union Carbide & Carbon Corp., 50 E 
42nd. New York 17. N. ¥ 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 


P. BR. Indianapolis 


BATTERY ELIMINATORS. 
Supply Units; Rectifiers. 
BEARINGS, BABBITT 


Ryerson & Son, {Inc. Joseph T., 
80, Il. 


See Power 


Chicago 


BEARINGS, BALL (Miniature) 


New Departure Div. of General 
Corp., Bristol, Conn. 

New Hampshire Ball Bearings, Inc., Peter- 
borough, N. WM. 

United States Gasket Co, Plastics Div 
of The Garlock Packing Co., Camden 
1, N. J. 


Motors 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich. 

New Departure Div. of General 
Corp., Bristol, Conn. 

Nice Wall Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc, Philadelphia 82, Pa 


Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Amplex Div., Chrysler Corp., Detroit 31, 


Mich. 
lio Cores, 9540 Oak 
Lawn, Til 

United States Graphite Co., 1621 Holiand, 


Saginaw 8, Mich 


Inc., Tulley Ave., 


BEARINGS and SUSHINGS, 
(Brass, Bronze, Steel Ete.) 


American Crucible Products 
Oberlin Ave., Lorain, Ohio 

Amplex Div, Chrysler Corp., 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Mallory & Co., Inc PrP. R Indianapolis 
6, Ind 

United States Graphite Co 
Saginaw 8, Mich 


METAL 


Co., 1365 


Detroit 


1621 Holland, 


BEARINGS and BUSHINGS, 
NON-METALLIC 
General Electric Co., 
at Til 

National Carbon Co., Inc., 
Carbide Corp., 30 E. 
| a Pb 


Plastics Dept., De- 
A Div of Union 
42nd. New York 


ional Vulcanized Fibre Co., Wilming- 
ton 99, De 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Richardson Co., 2799 Lake, Melrose Park, 
Til 

Ryerson & Son, Inc., Joseph T., Chicago 
80, Til 

Spaulding 
© 

Westinghouse Blectric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 


Fibre Co., Inc., Tonawanda, 


BELLS 
Stromberg-Carlson, A 
Dynamics Corp., 
Rochester 3, N. Y. 


Div. of 
117 


General 
Carlson Rd., 


Wheelock Signals, 
Ave., 


Inc., 273 Branchport 
Long Branch, N. J. 


BELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc., Joseph T., Chicago 80, 
Til. 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Beryllium Corp., Reading, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
3, Ind 

Penn Precision Products, Inc., 501 Crescent 
Ave.. Reading, Pa. (Strip) 

Riverside-Alloy Metal Div., H, K. Porter 
Co., Inc., Riverside, N. J. 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 


BLADES, FAN 


Torrington Manufacturing Co., Torrington, 
Conn 


BLOCKS, PILLOW 


SKF Industries, Inc., Philadelphia 32, Pa 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal 


BLOWERS. See Fans and Blowers 


BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal Fabri- 
rators 


BRAKES, BENDING. See Benders, Brake 
and Shears 


BRAKES, MAGNETIC 


Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1. Wis 
Eaton Mfg. Co., 
Fourteenth Ave., 
Stearns Electric 
Milwaukee 2 
Warner 
Dept 


Dynamatle Div., 
Kenosha, Wis. 
Corp., 120 N. Broadway. 
Wis 

Electric Brake 
EM Beloit, Wis. 


3307 
& Clutch Co., 


BRASS. BRONZE and COPPER (AI 
Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20. 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
Finished Brass and Copper Sheet and 
Strip 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Driver Co., Wilbur B.. 1875 Me Carter 
Highway, Newark 4, N. J 

Hussey & Co., C. G.. Pittshurch 19 

Iiseco Corp Dept. F-8. 4730 
Rd., Cincinnati Ohio (Copper 


Pa 
Madisor 
Tub 


ing 
Penn Precision Products, Inc., 501 Crescent 


Ave., Reading, Pa. 
Revere Copper and Brass 
Ave.. New York 17, N. Y¥ 
Somers Brass Co., Inc., 110 Baldwin Ave 
Waterbury, Conn. (Strip) 


(CR-CW Strip) 
Inc., 230 Park 


BRAZING ALLOYS, SILVER 


American Platinum Works 
Railroad Ave., 
Baker & Co., 
N. J. 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
General Plate Div., Metals and Controls 
Corp 1909 Forest, Attleboro, Mass 
Handy & Harmon, 82 Fulton, New York 
38, N. Y 
Mallory & Co., P. R., Indianapolis 
6, Ind. 


Ney Co., J. M., P. O. Box 990, Hartford 1, 
Conn. 


231 New Jersey 
Newark 5, N, J 
Inc., 113 Astor, Newark 5, 


Inc., 


BRONZE. See Brass 
Phosphor Bronze 


Bronze and Copper: 


BRUSH CAPS 

Midwest Molding & Mfg. Co., 
Ill. 

Phoenix Electric Mfg. Co., 4211 W. Lake. 
Chicago 24, Ill. 


Gurnee 96 


BRUSHES: CARBUN. 
METAL-GRAPHITE 


National Carbon o., 
Union Carbide Corp., 
York 17, N. Y¥ 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wilson Co., H. A., Route 22, Union, N. J 


GRAPHITE, 


Inc., A. Div. @& 
30 E. 42nd, New 


BRUSH HOLDERS See Holders, 
Commutator Brush. 


BUSHINGS 


Bearings. See Bearings and Bushings 

Composition. See Plastics Molders. 
Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seal. See Seals and Terminals. 
Hermetic. 

Mica. See Mica. 

Porcelain. See Ceramics 

Rubber. See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies. Wire 


CAMBRIC. VARNISHED. 
Insulating 


See Fabrics 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa 

Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis 

Centralab, Div. of Globe-Union Ine., 
914 E. Keefe Ave., Milwaukee 1, Wis. 

Chicago Condenser Corp., 3255 W. Armi- 
tage Ave., Chicago 47, Ill. 

Cornell-Dubilier Electric Corp., South 
Plainfield, N. 

Corning Glass Works. Technical Products 
Div., Corning, N, Y. (Metallized Glass) 

Bitel-McCullough, Inc., San Bruno, Calif 

Erie Resistor Corp., Electronics Div., Erie 
Pa. 

Fansteel Metallurgical Corp., North Chi- 
eago, Tll.. (Tantalum) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y 

Johnson Co. E. F.. 2831 Second Ave., 
S. W., Waseca, Minn. 

Mallory & Co., Inc., P. R., 
6, Ind 

Radio Condenser Co., Davis & Copewood, 
Camden 3, N. J. 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, Ill a 
Sprague Electric Co., 307 Marshall, North 

Adams, Mass. 
Stackpole Carbon Co., St. Marys. Pa. 
Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 


Indianapolis 


CAPS and PLUGS, PROTECTIVE 


Protective Closures Co., Inc CaPlugs 
Div., 2201-3 Elmwood Ave., Buffalo 23, 
Mm. @e 


(Contacts, 
Dises, 
Seals, 


CARBON and GRAPHITE: 
Electrodes, Anodes, Bearings, 
Piles, Plates, Plungers, Rings, 
ete.) 

Erie Resistor Corp., Electronics Div., Erie 
Pa 

General Ceramics Corp., 

Speer Carbon Co., St Marys, Pa 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland 
Saginaw, Mich. 


Keasbey, N. J 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings 

Aluminum (<« of America, 2315-J 
Bldg Pittsburgh 19, Pa 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn 


Die 
Alco 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 


Aluminum C¢ of 
sidg Pittsburgh 19 

Doehler-Jarvis Div 
Toledo 1, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (Zinc) 

Hoover Co., Die Casting Div., North 
Canton, Ohio 

Madison-Kipp Corp., 214 Waubesa, Madi- 


son 4, Wis 

New Jersey Zine Co., 160 Front, New 
—_ 38, N. Y. (Zine Die Casting Al- 
joys) 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave., 
Chicago 89, in. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E.. Minneapolis, Minn. 


America, 2315-3 Alco 
Pa 
of National Lead Co 
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NAMAT 


® 


Can Solve Your 


Dynamatic electronic controls with their 
simplicity, low maintenance, easy acces- 
sibility, and small space requirements, 
when used with Dynamatic Eddy-Current 
Drives, provide the solution to most ad- 
justable speed drive problems. 


The excitation required by Dynamatic 
eddy-current equipment is of very small 
magnitude compared to the drive capac- 
ity. For example, a 440 watt control is 
capable of controlling the torque or 
speed output of a 400 HP drive. Control 
and excitation power is taken directly 
from AC lines without the need of cum- 
bersome and complicated convertors, with 
their installation, ventilation, and main- 
tenance problems. 


Since the control elements have a very 
high amplification factor, even the largest 
couplings may be easily and conveniently 
controlled with small adjusting poten- 
tiometers. 


— 


ELECTRONIC CONTROL 
AND MOTOR STARTER 





CONTROL 
STATION 








The small illustration shows the mini- 
mum of typical components necessary to 
obtain adjustable speed with Dynamatic 
eddy-current equipment. Speed regulation 
requirements on the order of 1/10 of 1 
per cent of drive top speed are easily 
and economically accomplished with suit- 
able control modifications. With low 
powered reliable electronic components, 
requirements to suit almost all drive 
problems are easily met without appre- 
ciably increasing the cost or size of the 
control components. 


The following outline of operation will 
indicate the many advantages of this 
Dynamatic control equipment. 


EATON 


SEPTEMBER 1957 


Adjustable Speed 


ELECTRONIC 
ONTROLS 


Problems 


Standard electronic control package with hinged cover and 
chassis for easy accessibility to control components. All 
resistors and condensers are embedded in an easily re- 
placed assembly. The drive motor starter can also mount 
in the control enclosure, which measures 25” x 19” x 14”. 


Direct current excitation applied to the 
Dynamatic Drive coil modulates the 
strength of the magnetic fields and con- 
sequently, the amount of torque devel- 
oped at any rate of slip between the 
rotating input and output members. So 
that the drive may satisfy load and speed 
demands, this direct current must be 
varied automatically. 


Because of the drive’s small power de- 
mands, rectification of easily available 
alternating current to direct current is a 
simple procedure. A_ gas-filled thyratron 
tube is all that is needed to accomplish 
the conversion from AC to DC. A recti- 
fier used in conjunction with the thyra- 
tron tube, plus the highly inductive eddy- 
current drive coil, provides a smooth 
flow of direct current as required by 
the drive. 


To obtain desired performance, a means 
of varying the amount of current to the 
drive coil must be provided. The thyra- 
tron tube provides this function in that 
the grid of the tube, influenced by an AC 
rider wave imposed upon the DC grid 
voltage, permits a smooth change in 
drive coil voltage from zero up to the 
available maximum. 


Circle 364 on page 17 


A permanent magnet alternator, driven 
by the output shaft of the Dynamatic 
Drive, generates a voltage in direct pro- 
portion to speed. This voltage directed 
to the electronic control is utilized to 
maintain pre-set speed. With a reduction 
in load, speed tends to increase, but the 
generator signals the control so that the 
drive coil current decreases, slowing 
down the unit. Conversely, should the 
load increase, the drive tends to slow 
down so that the generator signal to the 
electronic control automatically increases 
the current, permitting the drive to re- 
turn to the pre-set speed. 


Speed and load (current) control are two 
of the standard types of electronic con- 
trols available. Because of the almost un- 
limited uses and adaptations of electronic 
components, many operations can be con- 
veniently controlled, such as_ tension, 
acceleration, braking, threading, jogging, 
speed matching, and many others where 
an electrical signal can be fed to the 
control equipment. 


Send for our 16-page Illustrated 


Bulletin on Electronic Controls 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 


3307 FOURTEENTH AVENUE 


KENOSHA, WISCONSIN 





Design Engineers are 
Talking about... 


illustrations — 


actuyal size 


the New... 


CHAN AN medium-puty 


Sectional pres-SURE-blocks 


Any number of circuits — quickly hand-assembled 
without fastening hardware. 


Only two pieces to handle — contact section, and 
end section. 


Anchors at any location without loss of space; — 
extends without removing mounting screws. 
Conservatively rated at 750-volts. 


Choices of — 
@ Complete “one-piece” blocks, —or separate sections 


@ Flat-base for direct mounting,—or dovetail base 
for channel mounting. 


@ Contacts for stripped wires (422 thru #8),—or for 
terminal-ended or looped wires (#8 and smaller) 


@ Painted marking areas,—or separate marking strips. 
By the manufacturers of — 


Heavy Duty pres-SURE-blocks 
“One-Piece” Terminal Blocks 
AN Type Terminal Strips 


Write for a 
BUCHANAN 


Bulletin M-9 
ELECTRICAL PRODUCTS 


CORPORATION 
= MILL SIDE NEW JERSEY 


= 


IN CANADA x 
Gasaccumulator Co. (Canada) Ltd., 
12 Gower St., Toronto 16, Ontario 


356 Circle 365 on page 17 


CASTINGS INVESTMENT 


Allis-Chalmers, Milwaukee 1, Wis. 
International Nickel Co., Inc., 67 
New York 5, N. ¥ 


Wall, 
(Nickel and Alloys) 
CASTINGS, LEAD 


Twin City Die Casting Co. 
mage Ave., 8S. E 


33rd & Tal- 
Minneapolis, Minn. 


CASTINGS, STEEL 


Lebanon Steel Foundry 82 
Lebanon, Pa 


Lehman, 


CATHODE RAY TUBES. See 
Cathode Ray 


Tubes, 


INSULATING and SEALING 


(Inc.), E. L., 
Dept.. 


CEMENT, 


du Pont de Nemours & Co., 
Plastics Div., Polychemicals 
Wilmington 98, Del 

Durez Plastics Div., Hooker Electrochem- 
ical Co 1309 Walek Rd N. Tona 
wanda, N. Y 

General Electric Co., 
Decatur, Ill. 

Johns-Manville, Dutch 
7800 Woodlawn Ave., 


Sauereisen Cements ¢ 
> 


Plastics Dept., 
Brand Products, 

Chicago 19, Il 
Pittsburgh 15 
a 

Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32, N. Y 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt 

Refractory Porcelain 

High-voltage Porcelain 

Cordierite 

Zircon Vorcelain 

Steatite (Lava 

Titanates 

Cement- Asbestos 

Ferrites 


Akron Porcelain Co 
Akron 14, Ohio (AB 
Alcor Manufacturing Co., 4444 W 
velt Rd., Chicago 24, Ill. (A 
American Lava Corp., Chattanooga 5, Tenn 
(CDEFG) , 
Brush Electronics Co., Div. of Clevite 
Corp 3405 Perkins Ave Cleveland 
14, Ohio (G) 
Centralab, Div of 
914 E. Keefe Ave., M 
(EF) ° 
Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF 
Erie Resistor Corp., Erie, Pa (G)_ 
General Ceramics Corp., Keasbey, N. J 
(BEFT) 
Knox Porcelain Corp., Knorville 1, Tenn 
(ABC) 
Mycalex Corp. of America 
Clifton, N. J Glass 
New Jersey Porcelain Co 
& Plum, Trenton 5, N. J 
Pass & Seymour, Inc Solvay 
Syracuse 9, N. ¥ AF) 
Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 
Richardson Co., 
Til. (A) 
tone Cort i s. < rd Rd., Lafa 


sae 


ahognec 


2725 Cory Ave., 


Roose- 


Globe-Union Inc., 
waukee 1, Wi 


Clifton Blvd 
Bonded Mica) 
New York Ave 
(ABF 

Station 


2799 Lake, Melrose Park 


tos 

Square Co 
Mich. (A 

Stackpole Carbon Co St 

Star Porcelain Co., 41 
Trenton 9, N. J. (BF 

Universal Clay Products Co., 1540 E 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 122 Lincoln. Sur 
Praire, Wis. (ABF) 


6060 Rivard, Detroit 11, 


Marvs, Pa 
Muirhead Ave 


CHAMBERS, TEST 


Blue M Electric Co., 
Blue Island, Ill 


138th and Chatham. 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill 


1lA 8 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 
Oak Mfg. C 1258 Clybourn Ave.. (hi 
cago 10, Ill. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8. 
wakee 4, Wis. 
Allis-Chalmers, Milwaukee 1. 
Crouse-Hinds Co., Syracuse 1, 
Cutler-Hammer Inc., 1264 St 
Milwaukee 1, Wis. 
E-T-A Products Co. of America, 5085 N 
Elston Ave Chicago 50, Ill. 
Fasco Industries, Inc., Rochester 2, N. Y 
Genera! Electric Co., Apparatus Sales Dir., 
Schenectady 5, N. Y. 
Heinemann Electric Co, 
ton 2, N. J 
circuits Corp., Dept. EM6, 


Second, Mi! 


Wis. 
N. ¥ 
Paul Ave., 


99 Plum, Tren- 
Glen Cove 


y 
National Co., 1388 N. Kostner Ave., 
Chicag : I 
Spencer Thermostat Div., Metals & Con- 
trols Corp 609 Forest, Attleboro, Mass 
Square LV Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 
Westinghouse Electric Corp Gateway 
Center Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC 


Aerovox Corp., New Bedford, Mass 
Chicago. Ill 


American Lava Corp., Chattanooga 5, Tenn 


Centralab. Div. of 
914 E 

Croname, 
Tl. 


Globe-Union, Ine., 
Keefe Ave., Milwaukee 1, Wis. 
inc., 1769 Grace, Chicago 15, 


Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

i Resistor Corp., Electronics Div., Erie, 
a 

Methode Mfg. Corp., 7447 W. Wilson Ave., 
Chicago 31, Il. 

Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

United States Gasket Co., Plastics Div. of 
aa aaa Packing Co., Camden 1. 


CLAMPS and CLIPS, GROUND and 
TEST 


Burndy 
Conn 

Iisco Cort Dept. F-8, 4730 Madison Rdé., 
Cincinnati 27, Ohio. 

Sherman Manufacturing Co., H. B., Battle 
Creek, Mich 

Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


Corp., Omaton Div., Norwalk, 


28 Butler 


CLAMPS and CLIPS, SUPPORT 
Holub Industries, Inc., 445 Elm Syca 


more, Ill 
Weckesser Co., 5256 N 


Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn $2, N. Y. 


Avondale Ave.. 


CLIPS, SNAP. 
Snap. 


See Rings, Retainer and 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH TRACING. 
Film and Paper. 


See Tracing Cloth 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co., 
Conn 

Cutler-Hammer Inc., 
Milwaukee 1, Wis 

Eaton Mfg. Co. Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis. 

Radio Condenser Co., Davis & Copewood, 
Camden 3, N. J. 

Stearns Electric Corp., 120 N 
Milwaukee 2, Wis. 

Vickers Electric Div., Vickers Inc., 1808 
Locust, St. Louis 3, Mo 

Warner Electric Brake & Clutch Co 
Beloit, Wis 


Manchester 
1264 St. Paul Ave., 


3307 


Broadway 


CLUTCHES, MECHANICAL 


s-Wright Corp., Mar 
Galewood Dr Cle 


COAXIAL CABLE. See Wire and Cable 
Insulated 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 Tenn 

Cambridge Thermionic Corp., 453 Con 
cord Ave., Cambridge 38, Mass 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y 

Hycor Div. of International Resistance Co.. 
12970 Bradley Ave., Sylmar 10, Calif 

Mycalex Corp. of America, Clifton Blvd. 
Clifton, N. J 

National Vulcanized Fibre Co., Wilming 
ton 99, Del. 

en Products Inc., 554 Mitchell, Orange 


Paramount Paper Tube Co., 612 Lafay 
ette. Fort Wayne 2, Ind. 

Precision Paper Tube Co., 2035 W 
Charleston, Chicago 47, Ill. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park 
Chicago 45, Til. 

Stackpole Carbon Co., St. 
(Screw-type, Molded Iron) 
United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1 
N. J. 


Marys, Pa. 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 
Anderson Controls, Inc., 
Rd., Des Plaines, TI. 
Audio Development Co., 2836 13th Ave., 
South, Minneapolis 7, Minn 
Caledonia Electronics & Transformer Corp 
Dept. EM-7, Caledonia, N. Y. 
Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 
Comar Electric Co., 3349 W. 
Chicago 18, Il. 
Corning Glass Works, Technical Producte 
Div., Corning, N. Y. (Glass Inductance) 
Coto-Coil Co., Inc., 63 Pavilion Ave 
Providence 5, R. I 
Cutler-Hammer Inc., 1264 St 
Milwaukee 1, Wis. 
Dano Electric Co., 
Conn. 
Deluxe Coils, 
Ind 
Normeyer Industries, 3414 Milwaukee Ave 
Federal Telephone and Radio Co., Div. uf 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 


2777 


Mannheim 


Addison 


Paul Ave. 
93 Main, 
Inc., 1800 First, 


Winsted 
Wabash 


ELECTRICAL MANUFACTURING 





B-H Curves 


magnetic characteristics for the electronics of today and tomorrow 


It often takes a very special kind of “magnetic behavior” 
to solve development problems in the highly-advanced 
electronics of today. For instance, the curves above 
show the special permeability characteristics available 
in some of the Carpenter alloys for electronic, magnetic 
and electrical applications. 


hey illustrate one of the many ways Carpenter alloys 
provide special properties to meet the requirements of 
computer cores, special magnetic amplifiers and many 
other highly developed forms of electronic apparatus. 


Carpenter alloys for clectronic, magnetic and electrical 
applications provide many other properties ideal for de 
velopment and production work, such as low thermal 
expansion, glass-to-metal sealing, high electrical resistiv- 
ity, temperature compensation and corrosion resistance. 


Export Dept 


Phe 


When vou work with Carpenter, vou have access to the 


most complete selection of these amazing alloys avail 


{ 
able today. You're assured of precise and uniform qual 
t 


itv, achieved by the closest steelmaking quality controls, 
proved in actual applications many times over. You'll 
find Carpenter willing to work closely with you in any 
wav vou wish. 


Complete technical data on Carpenter alloys for elec 


tronic, magnetic and electrical applications are available 


on request. Why not get in touch with us? Outline 
your requirements on your company letterhead and put 
it in the mail today. 


farpen ter 


Alloys for electronic, magnetic and electrical applications 


I'he Carpenter Stecl Company, 115 W. Bern St., Reading, Pa 
Carpenter St ( Port Washington, N. Y CARSTEELCO 
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WIRES MARKED! 
Permanently... 


for marking 
cables, leads, 
and grouping 
wires! 


METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 


TERMINAL TAGS are rapidly replacing obsolete string and paper identifi- 
cation methods—they mark the end of identification problems! Made of 
aluminum, steel, brass, or zinc, in a variety of styles and sizes. TERMINAL 
TAGS are easy to apply, and are used in the manufacture of aircraft, 
radios, telephones, motors, generators, etc. They can be stamped or em- 
bossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.O. Box 9-254, Newport, Ky. 
PHONE CO 1-2035 


Circle 367 on page 17 


Called “TOPS” By Every User! 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 


at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millions are now in use as standard equipment in 


America's leading nationally advertised electrical 
appliances. 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 


ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 
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General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle N. Y. 
Iisco Corp., Dept. F-8, 4730 
Rd., Cincinnati 27, Ohio 
Nothelfer Winding Laboratories, P. O. 
Box 455, Dept. 101, Trenton 3, N. J 
RCA Electron Tube Div., Radio Corp. of 

America, Harrison, N. J. 
Standard Electrical Products Co., 2240 
E. Third, Dayton 8, Ohio 
Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6, Ill 
Universal Manufacturing Co., Inc., 418 
Hillside Awve., Hillside, N. J. 


Madison 


COIL WINDING MACHINES 

Boesch Manufacturing Co., Inc., Danbury, 
Conn. 

of ee Equipment Co., Oyster Bay, 


Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd. Fort Wayne. Ind 

Rex Rheostat Co., Baldwin, L. t. a Ke 

Stevens Manufacturing Co., Inc., George, 
6022 N. Rogers Ave., Chicago 30, 

Universal Manufacturing (Co., Inc., 
Hillside Ave., Hillside, N. J 

Universal Winding Co., P.O. Box 1605 
Providence 1, R. I. 


COLD HEADED PARTS. See Fasteners. 


COLLARS, SHAFT 


Climax Metal Products Co., 


863 East 
140th, Cleveland 10, Ohio 


COMMUTATORS 


Kirkwood Commutator Uo., 4455 W. 130th 
Cleveland 11, Ohio 

aes Molding & Mfg. Co., Gurnee 96, 
l 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 28, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich. 

Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 38, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 


Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Il. 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 84717 St. Paul, 
Rochester 2, N. Y. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 

Airpax Products Co. Fort 
Fla 

Brie Electro-Mechanical Div., Erie Resis- 
tor Corp., Erie 6, Pa 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Texas Instruments Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 


Lauderdale 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 


Appleton Electric Co., 1723 Wellington 
Ave., Chicago 13, ITl 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J 

Crouse-Hinds Co., Syracuse 1, N. Y 

Ideal-Simplet Fittings, Inc., Sub. of Ideal 
Industries, Inc., 1008 Park Ave., Syca 
more, TIl 

Pyle-National Co 


Chicag 1 Ill 


1388 N. Kostner Ave 


CONNECTORS, PRINTED CIRCUIT 
Amphenc Electronics Corp., 1830 8. 54th 
Ave Chicago 54. TM 
M e Mf Co., 7447 W. 

I 3 Ill 


Wilson Ave., 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2100 Paxton, Harris 
burg, Pa 
i Brass Co., Waterbury 20, Conn 
Electronics Corp., 1830 8S. 54th 
Chicago 54, I 
ndix Aviatior Corp., 
Sidney N Y 
uchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N 
urndy Corp 
Conr 
Cannon 


Scintilla Div., 


Omaton Div., Norwalk 

Electric Co., Dept 500, 3209 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Holub Industries, Inc., 445 Elm, Syca 
more, Ill 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Il 

Iisco Corp., Dept. F-8, 4730 Madison Rd., 
Cincinnati 27, Ohic 

Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, IIL 

Johnson Co., E. F.. 2331 Second Ave., 
S.W., Waseca, Minn. 

Krueger & Hudepohl, 1043 Evans, Cin- 
cinnati 4, Ohio 

Pass & Seymour, Inc., 
Syracuse 9, N. Y. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 


Solvay Station, 


Sherman Manufacturing Co, H. B., 
Battle Creek, Mich. 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
eago 22, Ill. 

Thomas & Betts Co., Inc., 


28 Butler, 
Elizabeth 1, N. J. 


CONTACTORS, MAGNETIC. See Relays 
and Contactors. 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 
—- & Co., inc., 113 Astor, Newark 5, 


N. J 

Brainin Co., C. 8., 318 Washington, Mt. 
Vernon, N. Y. 

Deringer Metallurgical Corp., 8119 Monti- 
cello Ave., Skokie, Ill. 

Bitel-McCullough, Ine., Sen Bruno, Calif. 

Fansteel Metallurgical Corp., North Chi- 
cago, Ill 

General Plate Div., Metals and Controls 
Corp. 190% Forest, Attleboro, Mass 

Gibson Electric Co., Old Wm. Penn High- 
way, Delmont, Pa 

7 & Co., Inc., P. R., Indianapolis 
6, Ind. 

Ney Co., J. M., P.O. Box 990, Hartford 
1, Conn. 

Stackpole Carbon Co., St. Marys, Ps. 

Thomson Mfg. Co., Judson L., Dept. D. 
Waltham 54, Mass 

Wilson Co., H. &., Route 22, Union, N. J. 


CONTACTS, CARBON. See Carbon and 
Graphite. 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Oo., 
Manitowoc, Wis. 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Croname, Inc., 1769 Grace, Chicago 13, Ill. 

Elgin National Watch Co., Micronies Div., 
Elgin, Ml. 

Kirk and Blum Manufacwring Ce., 8123 
Forrer, Cincinnati 9, Ohio. 

Stromberg-Carlson, A _ Div. 
Dynamics Corp., 1434 N. 
Rochester 21, N. Y. 


of Genera! 
Goodman, 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8. Second, Milwau- 
kee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Bristol Co., Waterbury 20, Conn. 

Clark Controller Co., 1146 KE. 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave. 
Milwaukee 1, Wis. 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Til 

Eseco Works, 14 —" a 
Porter Co., Inc., Lockport, Til. 

Federal Pacific Electric Co., 50 Paris. 
Newark 1. N. J. 
Furnas Electric Co., 1024 McKee, Batavia, 
Il 
General 
Div., Schenectady 5, N 

Hart Manufacturing Co., 311 Bartholomew 
Ave., Hartford 1, Conn a 

Servi Tek Products Co Inc., 1086 
Goffle Rd, Hawthorne N, J 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. 

Vickers Electric Div., Vickers Inc., 1808 
Locust, St. Louis 3, Mo. 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N, Y. 


153nd 


Electric Co., pogeratee Bales 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn 

Weston Electrical Instrument Corp A 
sub. of Daystrom . 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches, 
Thermostats 

Allen-Bradley Co., 1316 8. Second, Milwau 
kee 4, Wis 

Assembly Preducts, In 
Ohic 

Autc tic Timing Yontrols, Inc Sub 
f 1 r rie f Pru 


Chesterland 14, 


sia 6, Pe 

Barber-Colman ( 
tockford, Ill 

Bourns Laboratories, P.O Box 
Riverside, Calif 

Bristol Co., Waterbury 20, Conn 

Cutler-Hammer Inc., 1264 St. Paul Ave, 
Milwaukee 1, Wis 

Edison Industries, Thomas A., Instru 
ment Div McGraw-Edison Co., Rose- 

and, N. J 

Fenwal In 19 Pleasant, Ashland, Mass 

G-V Controls, Inc., 8 Hollywood Plaza, 
East Orange, N._ J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
eago 41, Ill 

Robertshaw Fulton Controls @o., Acro 
Div., Columbus 16, Ohio 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3609 Forest, Attleboro, Mass. 
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ee 


ELECTRIC 
PREDETERMINING 
COUNTER... 


for remote 


operation of 


machines, processes, 


Ts] 


é 


We 


This Veeder-Root automatic prede- 
termining control device offers, in a single 
unit, new convenience and flexibility in 
the solution of machine and process con- 
trol and materials handling problems. 
Five readily set control knobs provide 
great ease in establishing any of the 
100,000 possible control points. The elec- 
tromagnetic counting unit permits the use 
of a wide variety of remote actuators, 
switches, contactors, electric eyes, or other 
sensing units. This provision, in conjunc- 
tion with the several possible electrical 
control circuits, allows completely remote 
operation of the controlled equipment. 


Circle 369 on page 17 


RK LE 
j 


materials handling 


Z 


A 


Predetermining control units can be 
grouped in a single central location for 
convenient setting of the predetermined 
quantities and visual monitoring of the 
accumulated counts. Additional ease of 
operation is afforded by the two-second 
duration electric reset which allows com- 
pletely automatic recycling, automatic 
reset in preparation for the following 
cycle, or push button reset whenever de- 
sired. For full details, write: 


VEEDER-ROOT INC. 


HARTFORD 2, CONNECTICUT 


Hartford, Conn. « Greenville, S.C. « Altoona, Pa. * Chicago 
New York * Los Angeles « San Francisco * Montreal 
Offices and Agents in Principal Cities 





LARGE or SMALL 


Actual 
| ~+— Size 


UNITS 


NYLON or Phenolic 
NEED BRUSH CAPS? 


with Inserts 


or Molded 
Threads 


Write for Triple “‘M” Catalog 


Mia este e = 


ILLINOIS 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-O777 


Long Distance: ONtario 2-1320 


me Se OE one cererm Teel) 1 1-1 tt tft eT eT tone tt 
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Richards, Milwau 


Instrument Corp A 
614 Frelingnuy 
ae 

struments Div Barber-Colman 
Rock Rockford I} 
Edwir L 7530 Thomas 
8, Pa 

CONTROLS, PUSH-PULL 

Arens Controls, 2017 Greenleaf, Evanston 

CONTROLS 

Stations 


Switches 


REMOTE. See Push Buttor 


Relays and Contactors 


CONTROLS, 


SERVO. See Servomecha 


CONVERTERS, ROTARY 


Carter Motor C« 2708 W. George, Chi 
ago 18, Il 


COPPER. See Brass, Bronze and Copper 
COPPER, BERYLLIUM. See Beryllium 


Copper 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 

Mica Insulator C« Sub of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y 

Varfiex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa 


CORD, INSULATED. See Wire and 
Cable, Insulated 


CORD, RESISTANCE LINE. See Resist- 


ance Line Cords 


CORD SETS 


Selden Manufacturing Co., 
Buren, Chicago 44, IIL 

Circle F Mfg. Co., Trenton 4, N. J 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Wire Stripper Co 1729 Eastham Ave., 
East Cleveland 12, Ohio 


4633 W. Van 


CORES, POWDERED METAL. See Cores, 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Americar Lava Corp., Chattanooga 5, 
Tenn 

Arnold Engineering Co. Marengo, Ill 

General Ceramics Corp., Dept. ME, Keas- 
bey N J 

Magne Metals ¢ Hayes Ave. at 21st 
Camden 1, N. J 

Magnetics, Inc., Bor 391, Butler, Pa 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Stackpole Carbon Co. St. 

Thomas & Skinner., Inc., 
Indianapolis 7. Ind 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


CORK and CORK COMPOSITIONS 
Arr ! 


Marys, Pa 
1114 E. 23rd, 


COUNTERS. See also Instruments, Elec- 
tronic; Relays 

Aut atic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 8,, 
Calif 

Boesch Manufacturing Co., Inc., Danbury, 
Conn 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 20, Conn. 

Eagle Signal Corp., 202 20th Moline 
Il 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Il 

Production Instrument Div f Genera 
Controls 8074 McCormick Blvd 
Skokie Ill 

Veeder-Root, Inc., Hartford 2, Conn 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 


Climax Metal Products Co., 863 East 
140th, Cleveland 10, Ohio 

Paton Mfg. Co., Dynamatic Div., 8307 
Fourteenth Ave., Kenosha, Wis. 

Lovejoy Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, IL 


CRYSTAL DIODES. See Rectifiers, Semt- 
conductor ; Transistors and = Crystal 
Diodes 


CRYSTALS, QUARTZ 


Brush Electronics Co., Div, of Clevite 
Corp., 3405 Perkins Ave., Cleveland 14, 
Ohio. 


RCA Electronic Tube Div., Radio Corp 
of America, Harrison, N, J. 


CYLINDERS, AIR 


Mead Specialties Co., 4114 N. Knox Ave 
Dept. F-47, Chicago 41, Il. 


DELAY LINES. See Computer Compo 


nents 


OIAL LIGHT ASSEMBLIES. See Lights 
Pilet and Indicator. 


DIALS and PANELS 
Borg Equipment Div 
Corr Janesville, Wis 
Croname, Inc., 1769 Grace, Chicago 15. 
1} 


George W. Borg 


He lL) 


Mesa Calif 

Lancaster Gla ( 
Lancaster Ohi 

Mica Insulator Co Sub. of Minnesots 
Mining & Manufacturing Co., Schenec 
tady 1, N. Y¥ 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units 


DIE-SETTING TOOLS 
Wales-Strippit Co., Akron, N. Y¥ 


DIES, PRECISION, LAMINATION, Ete 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y¥ 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn. 


DIODES. See Rectifiers, Semiconductor 
Transistors and Crystal Diodes 


DRAFTING EQUIPMENT and 
MATERIALS 

Keuffel & Esser Co., Hoboken, N. J. 

Ozalid, A Div. of General Aniline @& 
Film Corp., Johnson City, N. Y. 


DRIVES, BELT 

Allis-Chalmers, Milwaukee 1, Wis 
New York Belting & Packing Co.,, 
Market St., Passaic, N. J. 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 

Eaton Mfg. Co., Dynamatie Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y 

Reliance Electric & Engineering Co., 2470) 
Puclid Ave., Cleveland 17. Ohio 

Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. 4 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. 


DUCTS, WIRING (Control Panel) 

Spaulding Fibre Co., Inc., Tonawands. 
N. ¥ 

Stahlin Brothers Fibre Works, Inc., Dept 
E, Belding, Mich. 

Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears 


DYNAMOMETERS 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co. Apparatus Sales 
Div., Schenectady 5, N. Y. 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 


DYNAMOTORS 
Carter Motor Co., 2708 W. George, Chi 
cago 18, Ill 


ELECTRICAL SHEETS. See Steel, Elec- 
trical. 


ELECTRONIC COMPONENTS. See spe 
cifle headings 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Etc.) 

American Lava Corp., Chattanooga 5 
Tenn 

Eitel-McCullough, Inc., San Bruno, Calif 

Engineering Co., 27 Wright, Newark 5 
N. J 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. Y. 


ENAMELING SHEETS. See Steel, Com 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 


ELECTRICAL MANUFACTURING 





The design engineer 


The manufacturer 


Take the thermostat spring in this 
Jet-O-Matic coffeemaker. Everyone 
—from designer to user —is satisfied 
with its performance. 


The reason? M. H. Graham Corpo- 
ration makes this vital part of Inconel* 
nickel-chromium alloy —a spring ma- 
terial with just the right combination 


rp. of properties to assure long-term 
The user pe | reliability. 


Inconel alloy resists corrosion and 
oxidation. 

It retains its spring properties for 
thousands of thermo-mechanical 
cycles — has the necessary fatigue 
strength and low rate of relaxation 
at elevated temperatures. 


It can be fabricated in spring tem- 
per to desired shapes, and welds 


All benefit from the use of 


In other applications, other useful 
e properties of Inconel alloy are of first 
Inconel thermostat sorings importance. Like its ability to stay 
5 non-magnetic at sub-zero tempera- 
tures. Or its retention of spring prop- 
erties up to 650°F. Or its resistance to 
shock and vibration. 


Whatever your primary reason for 
choosing Inconel alloy for appliance 
thermostat springs, you can be sure of 
a good combination of other proper- 
ties ... properties that help you build 
better, easier-to-make products with 
built-in sales appeal and customer 
acceptance, built-in service life. 


Planning a new product? Plan to take 
advantage of the properties of Inconel 
or one of the other Inco Nickel Alloys. 
Inco literature, such as Inco Nickel 
Alloy Helical Springs, makes this easy. 
For your copy, just write. 


The International Nickel Company, Inc. 
67 Wall Street JN. _ New York 5, N. Y. 
INCO, 

d ———— Ss ® Registered trademark 


INGCO NICKEL ALLOYS 
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NEW SORENG ? sal SWITCH 
Controls Two Circuits in One Unit 


This newest addition to the Soreng Switch 
line, Model 755, controls 2 separate circuits in combina- 
tions of SPDT or SPST normally opened or closed. 


Characteristics 


e Instantaneous, positive make and break 
switch action 


e High contact pressure 

e Stable under momentary high overload 
e Pushbutton pretravel 1/32” to 5/64” 

e Total travel 3/32” to 1/8” 

e High impact phenolic case 

e Silver plated spade terminals 


Rating 


Listed by Underwriters’ Laboratories for the following rating 


15 AMP, 125 v,ac e 10 AMP, 250 v, ac 
Ya hp, 125/250 v, ac 


OTHER SWITCHES 


For specific information, write for 
“2-in-1 Bulletin’ SL-7 


SS contRois company oF america 
Manutacturersot SORENG 


9551 SORENG AVENUE © SCHILLER PARK, ILLINOIS 


Circle 372 on page 17 


Fastex Div. of Illinois Tool Works, 19! 
Algonquin Rd., Des Plaines, Ill. 

Goshen Rubber Co., Inc., P. O. Box 517 
Goshen, Ind. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Roth Rubber Co., 1860 S. 54th Ave 
Chicago 50, Ill 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1 
N. J. 


FABRICS, INSULATING. (Sheets, Tapes. 
Yarns, Thread, Cord, Etc.) 
Glass Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetie Resin 
Tubing and Sleeving, Braided Fabric 


Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn 

Bentley, Harris Mfg. Co., 1209 Barclay, 
Conshohocken, Pa. 

Brand & Co., Inc., William, Willimantic, 
1, Conn. 

Continental-Diamond Fibre Co., Newark 
13, Del 

Cottrell Paper Co., Inc., 88 Purchase, Fall 
River, Mass 

Electro-Technical Products, Div. of Sun 
Chemical Corp., Nutley 10, N. J 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa 

Hess, Goldsmith & Co., Inc., Horace 
Linton Div., 1400 Broadway, New York 
ee 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N. J 

Johns-Manville, Box 14, New York 16, 
_ X. 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, III. 
L. O. F. Glass Fibers Co., 1810 Madison 

Ave., Toledo 1, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Sche- 
nectady 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 90@ Fauquier Ave., St. 
Paul 6, Minn 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

New Jersey Wood Finishing Co.,, Elec- 
trical Insulation Dept., Woodbridge, 
N. J 

Owens-Corning Fiberglas Corp, 598 Ma- 
dison Ave., New York 22, N. Y. 

Raybestos-Manhattan, Inc., Plastic Pro- 
ducts Div., Manheim, Pa. 

Varflex Corp., 504 W. Court, Rome, N. Y. 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Div 
f The Singer Manufacturing Co., Som- 
erville N. J 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H 

Emerson Electric Mfg. Co., St. Louis 21, 
Mo 

Fasco Industries, Inc., Rochester 2, N. Y. 

Globe Industries, Inc Dayton 4, Ohio 

Heinze Electric Co., 685 Lawrence, Low- 
ell, Mass 

Revcor, 251 Edward, Carpentersville, Ill 

Robbins & Myers, Inc., Propeller Div., 
Springfield, Ohio 

Torrington Manufacturing Co., Torring- 
ton, Conn. 


FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Serews; Recessed Head 
Serews; Rivets; Serews; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet gdetal Lock Spring Assembly Nuts 
(D) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of America, 2241-J Alcoa 

Bldg Pittsburgh 19, Pa (A 
sristol Socket Screw Div Water- 
bury 20, Conn A) 

Burndy Corp., Omaton Div., Norwalk, 
Conn 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
(ABCF) 

Cleveland Cap Screw Co.,, 4444-11 Lee 
Road, Cleveland 28, Ohio 

Continental Screw Co., New Bedford, 
Mass. (AB) 

Elastic Stop Nut Corp. of America, Dept. 
N27-922, 2330 Vauxhall Rd., Union, 
N. J. (ACDEN) 

Elco Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill. (ABF) 

Fastex Div. of Illinois Tool Works, 198 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. (GW) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (ABC) 

Hassall, Inc., Jom P.O. Box 2225 
Westbury, L. L, N. ¥. (F) 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y. (AB) 


MacLean-Foge Lock Nut Co., 5535 N 
Wolcott, Chicago 40, Ill, (C) 

Milford Rivet & Machine @o., Milford 
Conn. (BF) 

National Lock Co., Rockford, Ill. (A) 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J. 
(Cc) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (AB) 

Prestole Corp., 1303 Miami, Toledo 5, 
Ohio (D) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. (C) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (AN) 

Sterling Bolt Co., 3683 W. Erie, Chicago, 
Ill. (ABF) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 514 N, Dear- 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688, 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., Cambridge 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi- 
cago 22, Ill. (8) 


Lock & Snap Assemblies (Door Panel, 
Shelf Support and Mounting, etc.) 


Dimco-Gray Co., 210 E. 6th, Dayton 3, 
Ohio 

Fastex Div. of Illinois Tool Works, 198 
Algonquin Rd., Des Plaines, Ill 

Simmons Fastener Corp., 1752 N. Broad- 
way, Albany 1, N. Y. 


Pins—Cotter (F); Locking and Taper 
(G); Spiral Coil (M) 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 28, 
Conn. (F) 

Elastic Stop Nut Corp. of America, Dept. 
N 27-922, 2330 Vauxhall Rd., Union, 
N. J 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Tl 


Pre-Assembled Washers and Screws 

Continental Screw Co., New Bedford, Mass. 

National Lock Co., Rockford, Ill 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Hl 

Thompson-Bremer & Co., Sub American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill 

United-Carr Fastener Corp., Cambridge 
42, Mass 


Recessed Head Screws 

Bristol Co., Socket Screw Di Water- 
bury 20 Conn 

Central Screw Co. 3501 Shields Ave., 
Chicago 9, Il) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Continental Screw Co., New Bedford, 
Mass 

Eleo Tool & Screw Corp., Rockford, Tl 

Harper Co H. M., 8204 Lehigh Ave., 
Morton Grove, Ill 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥ 

Milford Rivet & Machine Co., Milford, 
Conn 

National Lock Co., Rockford, Ill 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Ciif- 
ton, N. J 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. ¥ 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Il. 

Standard Pressed Steel Co., Jenkintown 9, 
Pa 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Il 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, II. 


Rivets 


Aluminum Co. of America. 2241-J Alcoa 
Bldg Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, Ill. 

Continental Screw Co., New Bedford, 
Mass 

Deringer Metallurgical Corp. 8119 Mon- 
ticello Ave., Skokie, Ill 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill 

Hassall, Inc., John, P.O, Box 2225, West- 
bury, lL. 5. N. ¥. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥ 

Milford Rivet & Machine Co., Milford, 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Til. 

Thomson Mfg. Co., Judson L., Dept. D. 
Waltham 54, Mass. 


Screws—Cap and Set, Machine (H); Self 
Tapping (J) 


Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn 
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Gear Motors and Speed Reducers... 
rt 


have 


UNITIZED CONSTRUCTION 


UNITIZED CONSTRUCTION Operating costs go down—power control performance goes up when you 


The exclusive Janette design that assures pre- install Janette Unitized Gear Motors and Speed Reducers. Janette’s Unitized 
cision power control! 


(one-piece) construction means that the motor and gears are designed for each 
UNITIZED CONSTRUCTION other, then made by one company to assure the correct motor and gears for 
Motor and gears designed for each other— perfect power control . . . extra long, trouble-free life. 
then built by one company to assure perfect ; 
control, extra long life! Janette Gear Motors and Speed Reducers are available in a wide variety of 
models from 1/150 to 72 horsepower, and for any mounting position 
UNITIZED CONSTRUCTION 


Makes Janette gear motors and speed reducers 
available ” a wide vartety of models—in any can draw on the nearly 50 years of Janette engineering experience and 
mounting position possible! 


know-how. 
UNITIZED CONSTRUCTION 


Increases the life of your product .. . For additional information about Janette Gear Motors and Speed Re- 
maintenance costs! 


And, if your application demands special research and custom design, you 


ducers and what Unitized Construction means to your product write for 
Bulletin 5-105-E4 today! 


a ELECTRIC MANUFACTURING CO. 
MORTON GROVE, ILLINOIS 
REPRESENTATIVES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 
your inquiries. 


Circle 374 on 


Tagged merchandise sells bet- 
ter and stays sold. Your product 
tag informs consumer and sales 
clerks about features, care and 
usage, builds brand  identifica- 
tion. It does more and we have 
facts ‘see below) to help you 
help yourself to increased sales. 
Send for our free guides to bet- 
ter merchandising 


TAG DIVISION 


ROTHCHILD 
PRINTING COMP 


7 


NY 


52 E. 19 ST. N.Y. 3 
ORegon 7-5150 


ROTHCHILD PRINTING CO., 52 E.19 ST., N. Y. 3 


Send free TAG SAMPLER 


} Send SURVEY ‘The Effect 
Tags on Department Store Sales Send 


Send ‘TIPS on TAGS tog 


(_] Send 
of chart 


METL-GLO metallic ink 


Representative to 
and quote 


NO OBLIGATION OR CHARGE 


NAME ___ 
ADDRESS ___ 


CITY _ oa DS UATE 
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Aluminum Co., of America, 2241-J Alcoa 
Bidg., Pittsburgh 19, Pa 
Bristol Co., Socket Screw Div., 
bury 20, Conn, (H) ; 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

(KL) 

Continental 
Mass. (HJ) 

Elco Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill, (HJ) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (J) 

Hassall, Inc., John, P.O. Box 2225, West- 
bury, L. 1, N. Y. (HJ) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥. (HJ) 

Milford Rivet & Machine Co., Milford, 
Conn. (HJ) 

National Lock Co., Rockford, Ill. (J) 

Parker-Kalon Div., General Awerican 
Transportation Corp., Entin Rd., Clit- 
ton, N. J. (HJ) 

Kussell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Set Screw & Manufacturing Co., 112 
Main, Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Kd., Elgin, lll. (J) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (H) 

Sterling Bolt Co., 363 W. 
10, Dil. (HJ) 

United-Carr Fastener 
42, Mass. (HJ) 


Washers—Flat (K}; Lock and Spring (L) 

Associated Spring Corp., Bristol, Conn. 
(KL) 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn. 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. (KL) 

Barnes-Gibson-Raymond Div., Associated 
Spring Corp., 40300 Plymouth Kd., 
Piymouth, Mich. 

B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Continental Screw Co., New Bedyord, 
Mass (KL) 

Cosmo Plastics Co., 
iand 9, Ohio (K) 

Dunbar Bros. Co., Div. Asseciated Spring 
Corp., Bristol, Conn. 

Ford Radio & Mica Corp., 536-540 63rd, 
Brooklyn, N. Y. (K) (Mica) 

Garrett Co., Inc., George K., Torresdale 
Ave. at Tolbut, Philadelphia 36. Pa. 
(KL) 

Gibson Co., William D., Div. Associated 
Spring Corp., 18¥U Clybourn Ave., Chi- 
cago 14, Ill (KL) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y¥. (KL) 

Manross & Sons Co., F. N., Div. Asso- 
ciated Spring Corp., Bristol, Conn. (KL) 

Milwaukee Div., Associated Spring Corp., 
341 E. Erie, Milwaukee, Wis. (KL) 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J, (L) 

Uhio Div., Associated Spring Corp., 1712 
E. lst, Dayton, Ohio (KL) 

Painut Co., Sub. of United-Carr Fastener 
.. 66 Glen Rd., Mountainside, N. J. 
(L) 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. (KL) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of LIlHnois Tool Works, 
St. Charles Rd., Elgin, Ill. (L) 

oes Bolt Co., 363 W. Erie, Chicago, 
ii. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, lil. (KL) 

United-Carr Fastener Corp., 
i2, Mass. (L) 


FELT 


Continental Felt Co., Inc. 
15th, New York 11, N. Y. 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, Ill. 


FIBRE, PHENOLIC. See Plastics—Mold- 
ing, Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing). 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Spaulding Fibre Co., Inc., 
- a A 

Stahlin Brothers Fibre Works, Inc., Dept 
E., Belding, Mich. 

Taylor Fibre Co. Norristown, Pa 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


Water- 


Screw Co., New Bedford, 


Erie, Chicago 


Corp., Cambridge 


3239 W. 14th, Cleve- 


Cambridge 


22-26 West 


(Board, Sheet. 


Tonawanda, 


FILTER ELEMENTS, POWDERED 
METAL 

Amplex_ Div., 
31, Mich. 

Kadio Cores 
Lawn, Ill 


FILTERS, RADIO 
Aerovox Corp., New Bedford, Mass. 
Audio Development Co., 2836 13th Ave., 
Minneapolis 7, Minn 
Cornell-Dubilier Electric South 
Plainfield, N. 
ami Radio Co., Div 
Telephone and Tele 


Federal Teiepnone 
graph Corp., 100 Kingsland Rd., Clifton, 
a: ae 


Detroit 
Inc., 9540 Tulley Ave., Oak 


Chrysler Corp., 


Corp.. 


of International 


General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Tobe Deutschmann Corp., Norwood, Mass 

United Transformer Co., 150 Varick, New 
York 13, N. Y 


Sales 


FINISHES, PRODUCT. See Lacquers 
Enamels, Paints and Varnisnes, Finiso 
ue 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen 
sators, Control Units, Starters ano 
Transtormers. For Kesistors, see Ke 
sistors, Instrument and Kadio; also Cs 
pacitors 


Alcor Manufacturing Cc 4444 W Roose- 
velt Road, Chicago 24, Ill, 

Aerusox Curp., New Beuloru, Mass 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn, 

Chicago Standard Transformer Corp., 3506 
Addison, Chicago 13, Ill, 

Circie fF Mfg. Co., Trenton 4, N, J 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Sola : Co., 46338 W. 16th, Chicago 
50, Dl 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Sylvania Electric 
Broadway, New York 19, N. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa, 


Products, es 1740 


FOILS, WIRE MARKING 


Kingsley Stamping Machine Co 850 
Cahuenga Blvd., Hollywood 38, Calit 


FOOT SWITCHES. see Switches 
FORGINGS 


American Brass Co., Waterbury 20, Coun 

Chase Brass & Copper Co., Sub. of hen 
necott Copper Corp., Waterbury 20, Coun 

Philadeiphia Bronze & Brass Corp., Sub 
of P.+K. Mallory & Co., inc., 22nd ano 
Master, Philadeiplia 21, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non-ferrous; 

ae & Son, Inc., Joseph T., Chicagu 


FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS ane 
CLIPS . 


Burndy 
Conn. 

Bussmann Mfg Div 
Co., St. Louis 7, Mo 

— Industries, Inc., +45 Elm, Sycamore 

Ideai Industries, Inc., 
Sycamore, Ill 

Ilsco Corp., Dept F-8, 4730 
Rd., Cincinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, LL 

Littelfuse, Des Plaines, Ill 

Multi Electric Mfg. Co., 4227 W. Lake, 
Chicago 24, LIL 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich 

Square D Co., 6060 Rivard, 
Mich. 


Corp., Omaton Div., Norwalk 


McGraw - Edison 


1008 Park Ave 


Madison 


Detroit 11 


FUSES 


Burndy 
Conn. 

Bussmann Mfg Div., 
Co., St. Louis 7, Mo 

General Electric Cv., Apparatus 
Div., Schenectady 5, N. Y 

Littelfuse, Des Plaines, Ill 

Roya! Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa. 


Corp., Omaton Div., Norwalk 


McGraw-Edisor 


Sales 


GAGES, TEMPERATURE, 
and VACUUM 


Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Bristoi Co., Waterbury 26, Conn 

Edison Industries, Thomas A Instru 
ment Div., McGraw-Eudison Co., Kose 
land, N. J, 

Servomechanisms Inc., 
Brooklyn, Westbury, L. L, N. Y 

Weston Electrical instrument Corp., A 
Sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, 1) 


PRESSURE 


Mechatrol Div., 17 


GALVANOMETERS. See Instruments 


GASKETS 


Armstrong Cork Co., 7009 Ingersol, Lan 
easter, Pa, (Cork and Rubber Composi 
tions) 

Auburn Manufacturing Co., 
Middletown, Conn. 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Goshen Rubber Co., Inc., 
Goshen, Ind. 

Johns- Manville, 
N. ¥. 

Parker Appliance Co., 
Cleveland 12, Ohio 

Raybestos-Manhattan, Inc., Plastic 
ucts Div., Manheim, Pa 

Roth Rubber Co., 1860 8. 
Chicago 50, Ill 


306-I Stack 


P. O. Box 517 
Box 14, New York 16 
17325 Euclid Ave 
Prod 


54th Ave 
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Composite of demagnetization curves showing that for Alnico V, upper, and Indox I, 
lower. Operation in the third quadrant is produced when a demagnetizing force, 
stronger than the magnet, forces flux in a direction opposite normal operation, provid- 
ing negative magnetic induction. Indox magnetic flux returns to full value when 


this force is removed. 


Why Ceramic Magnet Fields Are 
Now Practical for D.C. Motors 


G. R. Hennig, Senior Design Engineer, The Indiana Steel Products Com- 
pany, explains in this interview why Indox ceramic magnets are now 
practical for d.c. motors ranging from fractional to multiple horsepower. 


Question: Why is the use of Alnico mag- 
nets limited to rather small motors, such 
as toy motors? Why are only some very 
special larger motors equipped with per- 
manent magnet stators at the present 
time? 


Answer: The price per unit of usable 
magnetic energy dictates the size limit. 
Alnico contains very expensive raw ma- 
terials. For small magnets weighing a 
fraction of an ounce, this is not too sig- 
nificant. Labor cost, however, the other 
main factor in any calculation, is a size- 
able item in small units. This is not true 
when larger Alnico magnets are required. 
With Indox the opposite is true. Its raw 
materials are cheaper than copper, and it 
appears that the larger the motor—within 
a certain limit—the more economically 
the material can be applied. 


Question: How can Indox I, with only 4% 
the energy product (BH max), of Alnico 
V, be recommended for motor usage 
where a high field energy is required? 


Answer: Maximum energy product is a 
good criterion of quality for static condi- 
tions, such as in the magnet systems of 
moving-coil instruments or loudspeakers. 
In motors, generators, and many other 
applications where the magnet is subject 
to strong demagnetizing forces, maximum 
energy product is not an important con- 
sideration. One must consider the incre- 
mental permeability, even in the third 


Question: How does Indox V compare 
with Indox I and Alnico V, and where 
does this material find application? 


Answer: [ndox V is the strongest ceramic 
magnet material available today. Per 
unit of volume it provides more usable 
energy in motors than Alnico V_ does 
Flat pieces with at least 2 sq. in. area are 
preferable for production. This means 
that Indox V is suitable for motors with 
about 1/25 hp and more, and not for 
the tiny toy motors. 


Question: What are the size limitations 
for Indox I and Indox V motors? 


Answer: [ndox I is suitable for motors 
from the smallest possible size to about 
Ys hp. Indox V can be applied in much 
larger motors, possibly in the range up 
to 10 hp, or higher. The same applies for 
generators. 


Question: Can any d.c. motor be con- 
verted to a permanent magnet-field motor? 


Answer: Yes, most motors can be con- 
verted with very little design change. 
Others may require a considerable change 
in structure and layout of the armature. 


Question: Is there a problem of meeting 
air gap tolerances with Indox I ring or 
segment stators, unless bore grinding is 
applied? 
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Answer: No. Even though there is an 
as-sintered tolerance of + 1.5%, an In- 
dox magnet may be compared with an 
air-core solenoid, and variations of the 
air gap length have little influence on the 
usable flux. Only the O.D. should be 
ground which is an inexpensive operation 
on centerless grinders. 


Question: How will a permanent magnet 
motor compare with shunt or 
wound motors? 


series 


Answer: In general, a permanent magnet 
motor will have characteristics falling 
between shunt and series wound motors. 
Although it will not duplicate the entire 
speed torque curve for either, it can dupli 
cate characteristics over a specified range 


Question: What are the specific advan 
tages of substituting permanent magnets 
for wound fields in motors? 


Answer: The advantages are: Higher 
efficiency, cooler operation, less use of 
critical material such as copper and, pos 
sibly, simplification and cost reduction. 


Question: Is there a possibility of using 
Indox in a.c. motors? 


Answer: Yes. In addition to various syn- 
chronous timer motors, d.c. motors with 
Indox magnets can be used with the new, 
efficient power-rectifiers (silicon or oth- 
ers). The advantages over normal d.c 
motors are higher starting torque and 
better speed regulation. 


Question: How is the speed controlled 
in permanent magnet motors? 


Answer: Normally, by varying the arma- 
ture voltage, but also by using a magnetic 
shunt, by moving the armature axially 
out of the permanent magnet field, by 
rotating the brushes, or by an auxiliary 
field winding. 


Question: Can a permanent magnet sta 
tor compete with an equal electromag 
netic stator in size or total volume? 


Answer: Yes, with the materials we have 
today it can. There is only one excep 
tion: Where wound fields are operated 
with high, short-time overloads. 


4 complete reprint of Mr. Hennig’s pa 
per, “Applying Ceramic Permanent Mag- 
nets to Motor Design” appears in the 
July-September Applied Magnetics. Write 
today for your copy. Dept. B-12. 


INDIANA 
wae 
We Ea 


THE INDIANA STEEL PRODUCTS COMPANY 


quadrant of the hysteresis loop. The result VALPARAISO, INDIANA 


is, that under the most extreme condi- 
tions, Indox I has a maximum usable en- 
ergy of 17.4 in.-lb. per pound while Alnico 
V has only 13.7 in.-lb. per pound. Under 
conditions as found in motors, the usable 
energy of Indox | is about 2 instead of /% 
of the usable energy of Alnico V. 


THE WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


In Canada... The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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molded 


et Eas ML hake 
tage 
and nuts 


Insulate and Fasten 
Urol Lele Ee 
washers, etc. In Stock 
4-40, 6-32, 8-32, 
10-32 and %-20. 


Black Nylon 

A Cla ha 
Pte} o) [= 
clips 


ET oc le Li mea 
conducting support 
for wiring, tubing, etc. 


In Stock Ye” to 
wae DT 


Free samples *« write WECKESSER CO. 


5711 Northwest Hwy 
Circle 377 on page 17 


FREE SELECTION CHART 


AGASTAT ~~~ 


@ Chicago 30, III 


for 


AGASTAT 


time delay 


relays 


Now you can select exactly the right (gastat time delay relay 
for your particular timing need—in a hurry. This free selec- 
ton chart lists data on every popular model in the A gastat 
line—the most complete line of pneumatic time delay relays 
in the industry. They're adjustable for timing from 0.1 second 
to 10 or more minutes, unaffected by voltage variation, dust- 
proof, light, and mountable in any position. And there’s an 
Agastat model to precisely fit your requirements, including 
two-step, electrical interlock and double head units. A glance 
at the free selection chart tells you which model to order. 


Write for your free copy to Dept. A26-921 


Elastic Stop Nut Corporation 
of America 
NESS 
1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


DIVISION 


Circle 378 on page 17 


nited States Gasket Co 
f The 
l,N. J 
Western Felt Works, 
Ave., Chicago 23, IL 


Plastics Div 
Garlock Packing Co., Camden 


4035-4117 Ogden 


GEARMOTORS. See Motors 


GEARS and PINIONS 


ican Stock Gear Div., 
Co., Harvey, Ill 
Div., Chrysler Corp., 
Mich 
Beaver Gear Works, Inc., 1035 Parmele 
Rockford, Ill 
Bowmar Instrument Corp. 2415 Pennsyi- 
Ave Ft. Wayne, Ind 
ental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 
Fastex Div. of Illinois Tool Works, 116 
Algonquin Rd., Des Plaines, Ill 
Meal 


Gear Specialties Inc., 2635 W 
Ave., Chicago 47, Ill. 

Gries Reproducer Corp., 149 Beecherernd 
Ave., New Rochelle, N. Y 

Radio Cores, Inc., 9540 Tulley Ave., Qk 
Lawn, Il 

Shakeproof Div. of Illinois Tool Warts 
St. Charles Rd., Elgin, Ill 

United States Graphite Co., 1621 Hollan 
Saginaw 8, Mich 

Westinghouse Electric Corp., Gatewsy 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Winzeler Manufacturing & Tool Co., 7855 
W. Wilson Ave., Chicago 31, Ill 


Perfectior 


Detroit 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 


Daven Ce 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

General Electric Co., Bilectronics Div., 
Electronics Park, Syracuse 1, N. Y 

Howard Industries, Inc., 1700 State, 
Racine, Wis 


GERMANIUM DIODES. See Rectifiers 
Semiconducter; Transistors and Crystal 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS ane 
TAPE. See Fabrics, Insulating 


GLASS, TECHNICAL 


Corning Glass Works, Tec 
Div Corning, N. Y 
Croname, Ir 1769 Grace, Chicago 13, Ill 
Hermasea C 1010 Main, Elkhart, 
Ind. (Tubes) 

Kopp Glass. Inc., Swissvale, Pa 

Lancas Glass Co 220 W Mair 
Lancaster, Ot 


hnical Products 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 281 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

General Plate Div 
Corr 1909 Forest 

Handy & Harman, 82 Fulton 
38, N. ¥ 

Ney Co., J. M., P. O. Box 990, Hartford 
ero 


Metals & Controls 
Attleboro, Ma 
New York 


Wilson Co., H. A., Route 22, Union, N. J 


GRAPHITE. See Carbon and 


GREASE, BEARING 


Dow Corning @orp., Midland, Mich, (Sil 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd Des Plaines, Il 

Heyman Mfg. Co., Kenilworth 1, N. J 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Ill 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J 

Weckesser Co. 5701 
Chicago 30, Ill 


Graphite 


Northwest Highway, 


GYROS 


Kearfott Co., In 
ton, N.J 


1378 Main Ave., Clif 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1860 8. 54th 
Ave., Chicago 54, IL 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Tl. 

Brand & Co., Inc., William, Willimantic 
1, Conn, 

Cornish Wire Co., 50 Church, New York 
Ce ene 

Drake Manufacturing Co., 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate- 
riaks Div., Bridgeport 2, Conn 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass 

Switchcraft, Inc., 1328 N 
ago 22, Ill 

Wire Stripper Co., 1729 Bastham Ave., 
East Cleveland 12, Ohio 


1711 W. Hub- 


Halsted, Chi- 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 10383 W 
Van Buren, Chicago 11, Ill 

Stromberg-Carlson, A _ Div. of General 
Dynamics Corp 117 Carlson Rd., 
Rochester 8, N. Y. 


HEATING ELEMENTS and UNITS 


Anderson Controls, Ine 2777 Mannheim 
Rd Des Plaines, Ill 

Cutier-Hammer In 1264 St. Paul Ave., 
Milwaukee 1, Wis 

Driver Co., Wilbur B., 1875 
Highway, Newark 4, N. J 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y 

8 -Man Manufacturing Corp., 429-33 

164th, New York 56, N. Y 

Syntron Co., Homer City, Pa 

Vulcan Electric Cx Danvers 2, Mass 

Watiow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo. 
Westimghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Wiegand Co Edwin L 7530 
Bivd., Pittsburgh 8, Pa 


McCarter 


Sales 


Thomas 


HEAT LIMITERS 
B ann Mfg. D McGra 
t. Louis 7, Mo 


HERMETIC SEALS. See Seals and Ter 


minals, Hermeti 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis 
General Slectric Co., Apparatus 
Div., Schenectady 5, N. Y 
Radio Receptor Co., Inc., 
Div 240 Wythe Ave., 

nN. ¥ 

Westinghouse Electric Corp Gateway 
Center, Bidg., No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 


Sales 


Semiconductor 
Brooklyn 11, 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 

Midwest Molding & Mfg. Co., Gurnee 96 
Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 4211 W. Lake 


Chicago 24, Il 


IMMERSON HEATER UNITS, See Heat 


ing Elements and Units 


IMPACT 


Hunter- Douglas 
EM-8, Riverside, 


EXTRUSIONS, ALUMINUM 


Aluminum Corp., Dept 
Calif 


IMPREGNATING COMPOUNDS. See Ce 
ment Ingulating and Sealing; Waxes 
and Compounds 


INDICATORS, HEAT. See Thermometers 


INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. See High-Fre 
quency Heating Units 


INFRA-RED LAMPS. See Lamps, Incan 
descent and Infra-red 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Aerovox Corp., New Bedford, Mass. 

Assembly Products, Inc., Chesterland 14 
Ohio 

Associated Research, Inc., 3794 Belmont, 
Chicago 18, Ill 

Automatic Timing & Controls, Inc., Sub 

of Safety Industries, Inc., King of 

Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y¥ 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

Blectro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., 1943 Placentia, Costa 
Mesa, Calif 

Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 

Ideal Industries, Inc., 1008 Park 
Sycamore, Il 

Industrial Instruments Inc., 88 Com 
merce Rd., Cedar Grove, Essex County, 
ae 

Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y. 

Moseley Co., F. L., 409 N. Fair Oaks Ave. 
Pasadena, Calif. 

National Pneumatic Co., Inc., Holtzer 
Cabot Div., 125 Amory, Boston 18, 
Mass 

Precision Apparatus Co., Inc., 70-31 84th 
Glendale 27, L. IL, N. ¥ 

Radio Corp. of America, Dept. 0-44, Bldg 
15-1, Camden, N. J. 

Sensitive Research Instrument Corp., 310 
Main, New Rochelle, N. Y. 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Il. 

Texas instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Triplett Electrical Instrument Co.. Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock. Rockford, Ml. 


Ave., 


Write direct to advertiser > 





Staff Scientist Dr. J. W. Muehliner (center) discusses an advanced 

PDM telemetering system for missile application with K. T. Larkin (left), 
Telecommunications Department manager, and J. R. Dawley, 
Telecommunications Systems Section head. 


New positions in 
MISSILE SYSTEMS 


TELECOMMUNICATIONS 


Weapon systems programs at Lockheed Missile Systems demand 
advances far exceeding the current state of telecommunications. Positions 
are open on the Palo Alto, Sunnyvale and Van Nuys staffs for 

scientists and engineers possessing a high level of ability and interest in: 
TELEMETRY — Research in various areas of physics and electronics 
related to advanced telemetering projects; theoretical analysis of 
advanced FM, PDM, PCM Svstem concepts; design integration of all 
phases of telemetry with weapon systems requirements; conception 

and development of original high-capacity and high-accuracy systems; 
development and package design of airborne telemetering equipment 
capable of operating under extreme environmental conditions, including 
transducers, subminiaturized subcarrier oscillators, crystal controlled 
FM transmitters, solid state commutators, PDM keyers, digital storage 
and conversion devices; development and prototype design of ground 
telemetry equipment to include devices such as high-efficiency 
decommutators, calibrators, digital encoders. 

COMMUNICATIONS — Application of information theory concepts 

to challenging communication link problems; analysis and design of 
microwave communication link components to be utilized in most 
advanced weapon systems; development and test of television 

links for special projects. 


Address the Research and Development Staff at Palo Alto 37, 
or Van Nuys 7, California. 


38 MILES FROM 
SAN FRANCISCO a SAN FRANCISCO 
PALO ALTC 
SUNNYVALE S- SANTA CRUZ 
TEST BASE— 
SANTA CRUZ . 5O MILES FROM 
TEST BASE \. SAN FRANCISCO 


\ 
—> VAN NUYS- 
22 MILES FROM 
} LOS ANGELES 


{ 
u 


Su bh) vl, 


MISSILE SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
PALO ALTO + SUNNYVALE + VAN NUYS 


CALIFORNIA 











WiOyoe Bothers The Patient 


As Well As The Drilling 


Scott Sound Level Meter Aids 
The S. S. White Dental Mfg. Company 


To Produce a Quieter Dental Instrument 


The Noise of modern high-speed dental 
equipment can be very annoying to patients 
White's engineers use the Scott 410-C Sound 
Level Meter in production testing of their new 
ball-bearing hand piece to insure that the noise 
of finished instruments does not exceed the 


standard set for them 






Completely Portable Sound 
Level Meter Helps YOU 
Design A Quieter Product 


A quiet product gives you an important sales advantage. 
H. H. Scott’s sound Level Meter, and Sound Analyzer can 
help you locate, measure and minimize noise and vibration. 
Here are important features of the Scott Sound Level 


Meter and Sound Analyzer. 


¢ Sound Level Meter is flash-light size 
weighing only 2 Ib. 7 oz. Sound analyzer 
is only 10" x 10" x 6” 


© Extreme portability and battery power 
of these instruments makes them easy to 
set up and use in field measurements 


© Both instruments meet all applicable 


standards of the American Standards 
Association. 


* Sound Analyzer has Passband adjust- 
able in half octaves for more precise 
measurements 

* Sound Level Meter received the Elec- 
trical Manufacturing Award for outstand- 
ing design 


Fill out coupon! Learn how the Scott 
Sound Meter and Analyzer can 





Meters and Analyzers and your FREE booklet 
“NOISE SIMPLIFIED.” 


Name 
Address 


City Zone 


Export 


Cable Code: TELESCOMM. 
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. Telesco International, 36 W. 44th St., New York City. 
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help you 


H. H. Scott — Dept. EmM-9 


385 Putnam Avenue 
Cambridge, Massachusetts 


Firm Name 


State 
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INSTRUMENTS. ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic 

Automatic Timing & Controls, Inc., Sub 
f Safety Industries, In King of 
Prussia ¢ Pa 

Berkeley Div. of Beckman 
Inc., 2200 Wright Ave., 
Calif 
sristol Co., Waterbury 20, Conn 

Brush Electronics Cc Div 
Corr 3405 Perkins Ave., 
Ohio 

Burroughs Corp., 
Div., Dept. F 
7, Pa. 

D & R Ltd, 406 E. Gutierrez, P. O. Box 
1500, Santa Barbara, Calif 

Daven Co. 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N, J 

Du Mont Laboratories Inc Allen B.. 76 
Bloomfield Ave., Clifton, N. J 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Industrial Test Equipment Co., 55 E. 11th 
New York 3, N. Y. 

Librascope, Inc., 808 Western Ave., Glen- 


Instruments 
Richmond 3, 


of Clevite 
Cleveland 14, 


Electronic Instruments 
1209 Vine, Philadelphia 


jale 1, Calif 
Magnetic Amplifiers, Inc., 632 Tinton 
Ave., New York 55, N. Y. 
Radio Corp. of America, Dept 0-44 
Bldg. 15-1, Camden, N. J 


Sanborn Co., Industrial Div., 175 Wyman, 
Waltham 54, Mass 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Ill 

Triplett Electrical Instrument Co., Bluffton 
Ohio. 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J. 


INSTRUMENTS, LABORATORY 
STANDARD 


Automatic Timing & 
of Safety Industries, Inc., 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn. 

Clarostat Mfg. Co., Inc., Dover, N. H 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill 

General Electric Co., Apparatus Sales 
Div Schenectady 5, N. Y 

Moseley Co F. L., 409 N 
Ave Pasadena, Calif 

Radio Frequency Laboratories, Inc., 
ton N. J 

Scott, H, H., Dept, EM-9, 385 
V Cambridge, Mass 

tive Research Instrument Corp., New 

salle, N. Y. 

Electrical Instrument Co., Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill 


Controls, Inc., Sub 
King of 


Fair Oaks 
Boon 


Putnan 





INSULATING MATERIALS. 
ing specific headings 
Insulating and Sealing 


See follow- 


Cement 
Ceramics 


Cork and Cork Compositions 
Fabrics Insulating 

Felt 

Fibre, Vulcanized 
Glass-Bonded Mica 

Insulation, Wire and Cable 


Mica, Molded and Laminated 


Paper, Insulating 

Plastics, Molding, Laminating, Casting 
and Extrusion Compounds 

Plastics, Sheets, Rods and Tubes 


Rubber and Rubber 
Silicones 

Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic 
Tape, Friction and Splice 
Tubing and Sleeving, Braided Fabric 
Tubing and Sleeving. Extruded Plastic 


Products 


Resin 


Tubing, Paper 
Varnishes, Compounds and Resins, In 
sulating 


Waxes and Compounds 


INSULATION, WIRE and CABLE 
(Ceramie and Synthetic) 


American Lava Corp., Chattanooga 5, 
Tenn 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. I 


Plastics Div., _Polychemicals 
Wilmington 98, Del. 

Jeneral Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 208 Bush, San 
Francisco 4, Calif. 

Sprague Electric Co., 307 Marshall, North 
Adams. Mass 


Dept 


IRONS, SOLDERING. See 
Equipment. 


Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Syntnetic 


JEWEL LIGHT 


Lights, Pilot ar 


ASSEMBLIES. See 


i Indicator 


KNOBS, CAPS and HANDLES 

Dimco-Gray Co., 210 E. 6th, 
Ohio 

Kurz-Kasch, In 
ton 1, Ohio 


Dayton 2, 


, 1419 8. Broadway, Day- 


Lancaster Glass 
Lancaster, Ohio 

es Molding & Mfg. Co 
l 

= Co., 2799 Lake, Melrose Park 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Il. 


LACQUERS, ENAMELS, PAINTS and 
VARNISHES, FINISHING 
Allied Research Products, Inc., 
E. Monument, Baltimore 5, Md 
Aluminum Co., of America, 2315-J Alcoa 
Bidg., Pittsburgh 19, Pa. 

Dow Corning Corp., Midland, Mich 
(Silicone Resins and Varnishes) 

du Pont de Nemours & Co., (Inc.), E. I 
Finishes Dept., Wilmington 98, Del. 

Sherwin-Williams Co., General Industria) 
Div., Cleveland 1, Ohio 


Corp 2°20 )6«COUWW 





Mai 


. Gurnee 96, 


4004-06 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 
ener a Co., Inc., 113 Astor, Newark 5. 


Brainin Co.. C. 8., 320 Washington, Mt 
Vernon, N. Y 


General Plate Div., Metals and Controls 
Corp 1909 Forest Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N. Y 


Wilson Co., H. A., Route 22, Union, N. J 


LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 
Magnetic Metals Co 
21s Camden 1 N 
Magnetics, Inc., Box 391, Butler, Pa 
Thomas & Skinner Inc., 1114 E. 28rd 

Indianapolis 7, Ind 


LAMPS, FLUORESCENT 


Hayes Ave a 
J 


Genera! Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp Gateways 
Center, Bldg. No. 3, 401 Liberty Ave 


Pittsburgh 30. Pa 


LAMPS, INCANDESCENT and 


INFRA-RED 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 
General Electric Co., Nela Park, Cleveland 


12, Ohio 
Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 


Pittsburgh 30, Pa 


LAMPS, MINIATURE (Pilot and indi- 
cator) 
General Electric Co., Miniature Lamp 


Dept., Nela Park, Cleveland 12, Ohio 

Westinghouse Electric Corp Gateways 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Co., 2303F N. 11th, St. Louls 6 
Mo 

LENSES, PRESSED GLASS 

Corning Glass Works, Technica] Products 
Div., Corning, N. Y 

Kopp Glass. Inc., Swissvale. Pa. 

Lancaster Glass Corp., 220 W. M 
Lancaster, Ohio 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van 
— and Easton Aves., St. Louis 13 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Cannon Electric Co., Dept. 500, 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1, N. Y. 

— Corp., 44 Stewart Ave., Brooklyn 

pt oa ee 

Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Ill. 

General Electric Co., Miniature Lamp 
Dept., Nela Park, Cleveland 12, Ohiv 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Hetherington Inc., 1200 Elmwood Ave. 
Sharon Hill, Pa 
Johnson Co., E. F., 
8.W., Waseea, Minn 
Pass & Seymour, Inc., 
Syracuse 9, N 
Pyle-National Co., 
Chicago 51, Ill 
Square D Co., 4041 N. 

waukee 12, Wis. 
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2331 Second Ave., 
Solvay Station 
1388 N. Kostner Ave 


Richards, Mil- 


LOCKNUTS and LOCK WASHERS. 
See Fasteners 


LUBRICANTS 
Fluidwick Co., 5319 East Outer Dr., De- 
troit 34, Mich 


Shell Oil Co., 50 W. 50th, New York 20, 
Bw. Es 


LUBRICATORS, OIL and GREASE 

Fluidwick Co., 5319 East Outer Dr., De 
troit 34, Mich. 

Gits Bros, Mfg. Co. 
Ave., Chicago 23, Ill 


1846 8. Kilbourn 


ELECTRICAL MANUFACTURING 














before 
pan 

or 
can... 


Synthane laminated plastics are at work 





Few industries escape the multiple 
benefits of Synthane laminated plas- 
tics. The food industry puts Synthane 
to work as star wheels for bottling 
equipment, bread slicing guides as oil- 
less bearings in processing of sugar 
syrups and even in the tin-plating 
operation of metal containers. 

Resistance to moisture, anti-friction 
characteristics, chemical and wear 
resistance are but a few of the reasons 
why Synthane is at work in this vital 
industry. 


Synthane laminates combine in 
varying degrees—depending on which 
of the 30 or more grades you use— 
many mechanical, electrical and 
chemical properties hard to find com- 
bined in any other material. 

You can buy Synthane in sheets, 
rods, tubes. If you prefer, your part 
can be supplied fabricated to your 
specifications. Send for our complete 
catalog for full information. 

Synthane Corporation, 17 River 
Road, Oaks, Pa. 








Synthane-covered tin plate rolls last three 
times as long as other materials because of 
resistance to acids and surface toughness. 


» 
~ | 
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CHEMICAL RESISTANCE 


SYNTHANE .. . industry's unseen essential. 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 
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EASILY MACHINED DIELECTRIC STRENGTH WEAR RESISTANCE 
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NEY’'S SMALL PARTS PLAY A BIG PART IN PRECISION 
i) 


LAY A BIG PART IN PRECISION INSTRUMENT 


Consult Ney’s Engineering 
Dept. on any problem 





involving precious metals to 
improve your products. 


SMALL PARTS P 
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THE J. M. NEY COMPANY 


P.O. BOX 990 DEPT. C HARTFORD 1, CONN. 
} ae Specialists in Precious Metal Metallurgy since 1812 
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i a ae 
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High-Impact-Strength 
High Temperature 
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New PHOENIX “Pemester” 
High performance Phoenix ‘‘Pemester’’ 
Brush Holders and Caps are for motors 
that get the really rugged duty. ..new 
*‘Pemester”’ material gives high-impact- 
strength, dimensional stability up to 
400°F. and molds to close tolerances in 
any quantity. . . Available only from 
Phoenix in the complete ‘“‘Customized- 
Standard”’ line of sizes and types— or 
to your specifications. 

Write for full information contained 
in big, new, easy-to-use Phoenix Cata- 
log 57-E. Your copy free on request. 


[ _ 


PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 
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Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, Harris 
burg, Pa 

American Brass Co., Waterbury 20, Conn 

Buchanan Electrical Products Corp., 225 
Koute 22, Hillside, N. J 

Burndy Corp Omaton Div., Norwalk, 
Conn 


Cambridge Thermionic Corp., 
Ave., Cambridge 38, Mass. 

Hart Manufacturing Co., 211 Bartholomew 
Ave Hartford 1, Conn 

Heyman Mfg. Co., Kenilworth 1, N. J 
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Iisco Corp Dept F-8 4730 Madisor 
Rd Cincinnati 27, Ohio. 

Johnson Co., E. F., 2331 Second Ave 
S.W., Waseca, Minn 

Jones Div., Howard B., Cinch Mfg. Corp., 


Chicago 24, Ill 

Krueger & Hudepohl, 1043 Evans, Cin- 
cinnati 4, Ohic 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ill 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J 

Penn-Union Electric Corp., Erie, Pa 

Rajah o., 35 Verona Ave., Newark 4, 
N. J 

Sealectro Corp., 610 Fayette Ave 
roneck, N. Y. 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd, Figin, Il 


, Mama- 


Sherman Manufacturing Co., H. B., Bat- 
tle Creek, Mich 

Thomas & Betts Co. Inc., 28 Butler, 
Elizabeth 1, N. J 

Thompson-Bremer & Co., Sub. American 


Machine & Foundry Co., 514 N. Dear- 
born, Chicago 10, Ill. 


MACHINES. See specific headings: 


Balancing; Coil Winding; Molding, 
Plastic; Print Rivet Setting; Slot 
Pegging. Armature; Strippers, Wire; 


Vibration Test, 


MAGNETIC AMPLIFIERS 
Airpax 
Fila 
Berkeley Div. of Beckman Instruments, 


Ine 2200 Wright Ave., Richmond 8, 
Calif 


Control, Box 391, Butler, Pa. 
Kseco Works, Delta-Star Div., H. K. 
Porter Co., Inc., Lockport, Ill 


Products Co., Fort Lauderdale 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N ‘ 

Kearfott Co., Ine., 1878 Main Ave., 
Clifton, N. J 

Magnetic Amplifiers, Inc., 632 Tinton 


Ave., New York 55, N. Y. 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo 

Westinghouse Filectric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


MAGNETIC BRAKES. See Brakes. Mag- 
netic 


MAGNETIC MATERIALS. See Stee! Elec- 
trical: Magnets, Permanent; Magnetic 


Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 


Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J 


Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg-Carlson, A Div. of 
Dynamics Corp., 117 
Rochester 3, N. Y. 


General 
Carlson Rd., 


MAGNETIC RECORDERS 


Ampex Corp., Instrumentation Div., Dept. 
C-5, 934 Charter, Redwood City, Calif. 


MAGNETIZERS and DEMAGNETIZERS 
Radio Frequency Laboratories, Inc., 
Boonton, N. J. 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill 

Crucible Steel Co. of America, Chamber of 
Commerce Bidg., Pittsburgh 19, Pa. 

General Electric Co., Metallurgical Prod- 


ucts Dept., 11131 E. 8 Mile Ave., De- 
troit 32, Mich 


Indiana Steel Products Co., Valpariso, 
Ind 

Thomas & Skinner Inc., 1114 E. 23rd, 
Indianapolis 7, Ind. 


MAGNET WIRE. See Wire, Magnet. 


MARKERS, IDENTIFICATION 
Brand & Co., Inc., William, Willimantic 1, 


Conn 

National Band & Tag Co., Dept. 9-254 
Newport, Ky 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Park Nameplate Co., Inc., 
Pl., Flushing 54, N c 
Westline Products, Div. of Western Litho- 
graph Co., 602 E, 2nd, Los Angeles 
54, Calif 
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MARKING MACHINBS and DEVICES 
(For marking Wire, Foil, Plates, ete) 


Kingsley Stamping Machine Co., 850 
Cahuenga Bilvd., Hollywood 38, Calif. 
MATERIALS HANDLING EQUIPMENT 


Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 


National Vulcanized Fibre Co., 
ton 99, Del 

Robbins & Myers, Inc., Crane & Hoist 
Diy Springfield, Ohio 

Spaulding Fibre Co., Ine., 
N.Y 


Wilming- 


Tonawanda 


MERCURY RELAYS. See Relays 
MERCURY SWITCHES. See Switches 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base 


METALS, PRECIOUS 
nated Metals; 


See Gold; Lami 
Platinum; Silver 


METALS, PRE-PLATED. See Pre-Plated 
Metals. 


Fansteel Metallurgical Corp., 
cago, Iil 

Mallory & Co., Inc., P. BR. 
6, Ind 

Wilson Co., H. A., 


North Chi- 
. Indianapolis 


Route 22, Union, N. J 


METERS, HOUR 


Haydon Mfg. Co., Inc. 2527 Elm, Tor- 
rington, Conn 

Hobbs Corp., John W., Div. of Stewart- 
Warner Corp., 2078 Yale Bivd., Spring- 
field, Ill. 

Industrial Timer Corp., 1411 
Highway, Newark 4, N. J. 


MICA, GLASS-BONDED. See 
Bonded Mica 


McCarter 
Glass 


MICA, MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, ete.) 


Brand & Co., Inc., William, Willimantic, 
1, Conn, 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del. 
ford Radio & Mica Corp., 536-540 63rd, 

Brooklyn, N. Y. 
General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Til. 
Macallen Co., Bay Rd., Newmarket, N. H 
Mica Insulator Co., Sub. of Minnesota 
Mining and Manufacturing Co., Schenec- 
tady 1, N. Y. 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave.. 
Sycamore, Ill. 


MICROPHONES 


American Microphone, Electronics Div 
Elgin National Watch Co. 370 8. Fair 
Oaks Ave., Pasadena, Calif. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Inc., Newark 13, Del 

General Electric Co., Apparatus 
Div., Schenectady 1, N. Y. 

Mica Insulator Co., Schenectady 1, N. Y 


MICROSCOPES 
Bausch & Lomb Optical Co., 
Paul, Rochestor 2, N. Y 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas- 
tics; Rubber. 


MOLDING MACHINES, 


Newbury Industries, Inc., 
bury, Ohio. 


Sales 


84717 St 


PLASTIC 
Box 181, New- 


MOLYBDENUM—(Sheet and Wire) 
See also Contacts. 


Fansteel Metallurgical Corp., North Chi- 
cago, Ill 

Mallory & Co.; Inc., P. R., Indianapolis 
6, Ind. 


MOTOR BASES, ADJUSTABLE 


Allis-Chalmers, Milwaukee 1, Wis. 
Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicage 44, IIL. 


MOTOR CONTROLS and STARTERS 


See Controllers, Motor; Push Button 
Stations. 


MOTOR GENERATOR SETS 


Eseco Works, Delta Star Div., H. K 
Porter Co., Inc., Lockport, IIL. 

Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn 

Leach Corp., Inet-Palmer Ditv., 4441 8. 
Santa Fe Ave., Los Angeles 58, Calif. 


MOTORS and GENERATORS. See Motera 
Table on page 372. 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Mansville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W., 234 North Elm, 
Waterbury 20, Conn. 

Haydon Mfg. Co., Inc., 2527 Elm, Tor- 
rington, Conn 


NAME and INSTRUCTION PLATES 


Croname, Inc., 1769 Grace, Chicago 13, 
Tl 

Lancaster Glass Corp., 
Lancaster, Ohio 
Mica Insulator Co., Sub. of Minnesots 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y 

Park Nameplate Co., Ine., 
Pl., Flushing 54, N.Y, 


220 W. Main 
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Once... just once... you run your original drawing through 
your Ozalid machine with a piece of Ozalid intermediate 
material. Then file away your drawing. Your Ozalid 


You can make 
design changes 
Simply... 


and save hours of 
drafting time... 

with Ozalid’s family of 
intermediate materials 


' 

| intermediate copy becomes a duplicate original—all 

| set to give you important benefits. 

l Take design changes, for instance. With an Ozalid inter- 

| mediate print, there’s no need to trace or redraw the original 
design. Changes are as easy as 1-2-3... just see below! 

| Not only are Ozalid intermediate prints exact copies 

| of your original—they can be better than the original. 





Faded or weak areas are intensified. 


There’s an Ozalid intermediate material for every drafting 
room need: film, translucent paper, and cloth. 


See for yourself how quick and easy you can make design 
changes with Ozalid intermediates. Contact your local 

Ozalid man—his name is in the phone book—or write for 
free folder. Write to Ozalid, Dept. DD-9. Johnson City, N. Y. 
In Canada: Hughes Owens Co., Ltd., Montreal. 


LI I I 
4 i aie = 

1. This is an Ozalid intermediate (trans- 

lucent) print of the original drawing. 








2. Draftsman eradicates obsolete lines 
with Ozalid Corrector Fluid. 


3. New design is drawn in. Prints can now 
be run from this intermediate “master.” 








wl Mi 
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3. Develop the intermediate...and you 
have a clear, up-to-date “framework” to 
which you add the new design. Use this 





1. Expose original drawing in the usual 
manner on Ozalid intermediate paper, 
cloth, or foil. But do not develop! 


2. Cover all printed yellow lines which 
are to be retained on the intermediate 
with a mask of black opaque paper—re- 
expose in Ozalid machine. The light will intermediate master to produce prints. 
remove all obsolete details left uncovered. 





OZALID' 


A Division of General Anil & Film C 
eee ee Design ivisi niline ilm Corporation 


in Canada: Hughes Owens Company, Ltd., Montr=at 





SEPTEMBER 1957 Circle 383 on page 17 371 





alF 
SS 


Manufacturers of WIRE 


There’s no need for you to 
design cords for power tools, 
appliances or equipment. That's 
our business! We'll engineer the 
wire, type of attachment, and 
complete assembly. 


Or, you can choose from Royal 
stock molds for caps, connec- 
tors and strain reliefs, for mold- 
ing in rubber, neoprene, vinyl 
or styrene, to black or colored 
cords of our own manufacture. 


Catalog 5-55 illustrates our 
stock molds. Write for it. 


ROYAL ELECTRIC CORPORATION 


PAWTUCKET ° RHODE ISLAND 
In California 


413 E. 3rd St., 
* CORD ASSEMBLIES + 


Los Angeles 13 
FUSES + WIRING DEVICES 


Circle 384 on page 17 


ELECTRIC CORDS & SUPPLY CORP. 


MUTORS 


Miniature Timing Motors, Geared 


"Subfraction, Under ly 20 Hp. 


‘Fractional, 1/20, % Hp. 


Integral, 1 to 7% Hp. 


D-C Univ. 





Integral, Over 7% Hp. 





Gearmotors 





Generators 





Low Voltages (Under 110) 


Allis-Chalmers 
NOQRUVYZ) 
Allis Co., The Louis, 
(KLNOQRUVYZ) 
Baldor Electric Co., 
St. Louis 10, Mo. (FGKLN) 
Barber-Colman ( Dept. U, 1803 Rock 
Rockford, [ll. (BCEYZ) 
Bodine Electric Co., 2 w. 


cago 12, Ill. (ABC 


Milwaukee 1, Wis. (KL- 


Milwaukee 7, Wis 


4853 Duncan Ave., 


Ohio, Chi- 
- JEFGHIQRTYZ&) 
Borg Equipment Div., George W. Borg 
Corp., Janesville, Wis. (BCDE) 
Bristol Motor Div., Vocaline Co. of Amer- 


108 Coulter, Old Saybrook, 
A) 


Century Electric Co., 1806 Pine, St. Louis 
_ 3. Mo. (FGKLNOPQRUVWY? 

rols Cort f America, 9551 

e., Schiller Park, Ill, (F) 

Cramer Controls Corp., Box 8, 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som- 
erville, N. J. (BCFHKNV) (Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 
Ave., Dover, N. H. 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., 28307 
Fourteenth, Kenosha, Wis. (FKN) 

Eclipse-Pioneer Div., Bendix Arviatian 
Corp., Teterboro, N. J. (Servo) 

Electra Motors, Inc 1110 N. Lemon Ra 
Anaheim, Calif 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ 

Emerson Electric Mfg. Co., St. Louis 21. 
Mo. (FGJKLMQR) 

Fasco Industries, Inc., Rochester 2 
(BCDFGHYZ&) 

General Electric Co. Apparatus 
Div Schenectady 5, N. Y 
(BCDEFGHJKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. GL, Elyria. 
Ohio (BQYZ) 

Globe Industries, Inc., Dayton 4, 
(BC) 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn. (CXZ) 

Haydon Mfg. Co., Inc., 2527 
rington, Conn. (ABCXYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 

Helipot Corp Div 
ments Ir j 
Mesa Calif 


Sore 


Center 


383 Central 
(ABEFJQTU) 


a = 


Sales 


Ohio 


Elm, Tor- 


of Beckman Instru- 
Placentia Cos 





Holtzer-Cabot Motor Div., National Pneu- 
matic Co., Inc., 125 Amory, Boston 19, 
Mass. (ABCEFGHJQUVYZ) 

Howard Industries, Inc., 1760 State 
Racine, Wis. (ABCDEFGHQRTUVYZ) 

Howell Electric Motors Co., Howell, Mich 
(FGKLMNOPQRT) 

Jack & Heintz, Inc., 17620 Broadway 
Cleveland 1, Ohio (FK) 

Janette Electric Mfg. Co., 
lll. (FGKLQRUYV) 

Kearfott Co., Inc., 1378 Main Ave., 
ton, N. J. (Servo) (UY) 

Lamb Electric Co., Kent, 
GHIJQRSZ 

Marathon E ric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. (FGKLNOUV) 

Master Electric Co., Dayton 1, Ohio 
(FGJIKLMNOPQRTU VW) 

Motoresearch Co., 1600 Junction Ave., Ra- 
cine, Wis. (BQY) 

Oster Manufacturing Co., 
Div., Racine, Wis 
(Servo and Synchro) 

Rae Motor Corp., 2009 Kewanee, 
Wis. (BCDFGHYZ&) 

Reliance Electric & Engineering Co. 
Euclid Ave., Cleveland 17, 
(FGKLNOV) 

Reuland Electric 
(KNQ) 

Robbins & Myers, Inc., Motor Div., 
Springfield, Ohio (BCDEFGJIKNU) 

Robertshaw-Fulton Controls Co., 
Div., Columbus 16, Ohio (B) 

Scruggs Co., Loyd, Festus, Mo. 
YZ&) 

Servomechanisms  Inc., 
17 Brooklyn Ave., 
N = Servo) 

Smith Corp., A. O., Electric Motor Div 
Tipp City, Ohio (FKN) (Servo) 

Sterling Electric Motors, Inc., 5401 Tele 
graph Rd., Los Angeles 22, Calif 
(FKNQ) 

Sutton Corp., O. A., 

Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 

Transicoil Corp., Worcester, 
County, Pa. (Servo) 

Westinghouse Electric 
Center Bidg., No. 3, 
Pittsburgh 22, Pa. 
NOPQRSZ&) 

Wagner Electric 
Ave., St. 


Morton Grove, 
Clif 


Ohio (BCDEF 


John, Avioniec 
(BCFGHUVY&) 


Racine 


24701 
Ohic 


Co., Alhambra, Calif 
Acro 
(BCD 


Mechatrol Div., 
Westbury, L. I 


Wichita, Kan. (BF) 
11A 8 


Montgomery 
Corp., Gateway 
401 Liberty Ave 

(BCDEFGHJKLM 


6454 Plymouth 
(FGKLNYZ) 


Corp., 
Louis 14, Mo. 


eee 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 
American Brass Co., Waterbury 20, 
Cupro-Nickel 
Carpenter Steel Co 
ng, Pa. (S-BNT 
Chase Brass & Copper Co., Sub of Ken- 
ut Copper Corp., Waterbury 20, Conr 
Co, Wil B., 1875 McCarter 
Newark 4, N. J. 
Driver-Harris Co., Harrison, N. J 
Elgin National Watch Co., Micronics Div., 
Sigin, Ill. (Cobalt Nickel) 

Plate Div Metals and Contrcle 
Corp 109 Forest, Attlebor Ma 
Internati Inc., 67 Wat 

New York 
Penn Precision Products, Inc 501 
cent Ave., Reading, Pa. (Strip) 


Conn 


115 W. Bern, Read- 


General 


Cres 


NICKEL-SILVER 
(Rod, Sheet, Tubing, 


American Brass C< Waterbury 20, Conn 

Chase Brass = Copper Co., Sub. of Ken 
ecott Coppe ‘orp., Waterbury 20, Conr 

— n Prasiaian peetazes: Inc., 501 Crescent 
Ave Reading, Pa. (Strip) 

Revere Copper and Brass, Inc., 230 
Ave New York 17, N. Y¥ 

Riverside-Alloy Metal Div., H. K. 
Co. In Riverside, N J 

Seymour Manufacturing Co., 
Conn 


Wire) 


Park 
Porter 
Seymour, 


NON-MAGNETIC 


See Steel, 


IRON and STEEL 


Stainless 


NUTS. See Fasteners. 


OHMETERS. See Instruments 


OILERS. See Lubricators, Oil and Grease. 


OSCILLATORS. See Instruments. 
OSCILLOSCOPES. See also Instruments 
Plectronic; Recorders, Oscillographic. 
DuMont Laboratories, Inc., Allen B., 760 

Bloomfield Ave., Clifton, N. J. 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 


General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45, Calif 

RCA Electron Tube Div., Radio Corp. 
of America, Harrison, N. J. 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Ill 

Weston Electrical Instrument Corp., A sub. 
 Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 


PACKAGING. See 
Containers, 


Roxes and Crates; 
Packaging and Shipping. 
PACKINGS. See Gaskets 


PAINTS. See Lacquers, Enamels, 
and Varnishes, Finishing. 


Paints 


PALLADIUM. See 
inum Products 


Platinum and Plat- 


PANEL CONTROL UNITS 


Allen-Bradley Co., 1316 8. 
waukee 4, Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Bristol Co., Waterbury 20, Conn 

Clark Controller Co., 1146 E. 
Cleveland 10, Ohio 

Cutler-Hammer Inc., Paul Ave., 
Milwaukee 1, Wis. 

Eagle Signal Corp., 202 20th, Moline 1. 


Delta-Star Electric py. 
ackport, Il 


Second, Mil- 


152nd, 
1264 St. 


Eseco Works 
H. K. Porter Co., Ine., I 

General Electric Co., Apparatus 
Div., Schenectady 5, N. Y. 

Heinemann Electric Co., 99 Tren- 
ton 2, N. J 

Square D Co., 4041 N. Richards, Mil- 
waukee 12, Wis 

Ward Leonard Electric Co., 34 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., 
Co., 1403 Rock, 


Sales 


Plum, 


South, 


Jateway Cen- 
Liberty Ave.. 


Barber-Colman 
Rockford, Ill. 


PANELS, DIAL. See Dials and Panels. 
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Fastener Facts 


by Henry Peterson, Chief Engineer — Judson L. Thomson Mfg. Co. 


FASTENING WITH SEMI-TUBULAR RIVETS 


WHY RIVETS? 


You specify rivets when you want 
strong, permanent fastening at low 
cost. However, secure fastening is 
not their only function. You can also 
use them as fulecrums, pivots, cam 
followers, electrical contacts, studs, 
stops and in many other applications. 


APEX — 


SIDEWALL — 
HOLE 


Typical semi-tubular rivet 


WHY SEMI-TUBULAR RIVETS? 

You specify semi-tubular_ rivets 
when you want to combine the high 
shear and compression strength of 
solid rivets with low-cost, high-speed 
fastening. The required strength is 
inherent in the design of Thomson 
Semi-Tubular Rivets. 

Shallow holes in solid shanks dis- 
tinguish semi-tubular rivets from 
other types. The hole is seldom deeper 
than shank diameter. Its depth is de- 
termined by clinch requirements of 
specific applications. A general rule 
is to select a rivet with length equal 
to the thickness of the materials plus 
55% of the diameter of the shank. A 
Thomson engineer can quickly spe- 
cify the correct rivet length and hole 
depth for any particular semi-tubu- 
lar riveting application. 

Semi-tubular rivet applications cal] 
for pre-drilled or punched holes in 
the materials to be fastened: metals, 
plastics, wood, ceramics and other 
hard materials. The size of the pre- 
pared holes is an important design 
consideration. When holes are_ too 
small, rivets choke. When too large, 
rivets buckle, To avoid either error, 
make sure that each hole is about 
7“ larger than the maximum shank 
diameter of the rivet. In most cases, 
the setting process causes shank ex- 
pansion sufficient to fill the hole. 
Again, Thomson engineering is at 
your service to help you match rivet 
and hole sizes. 

High shear strength of semi-tubular 
rivets is further assured by Thomson 
production methods. All Thomson 
Semi-Tubular Rivets are made from 
specially prepared wire by the cold 
heading or upsetting process. This 
results in fasteners with the uniform 
structure and inherent strength of 
forging 2 properties not achieved 
by serew-machine rivet production. 

Standard materials used to produce 
Thomson Semi-Tubular Rivets include 
aluminum, brass, copper, nickel-sil- 


ver, low-carbon steel and _ stainless 
steel. For special electrical and elec- 
tronic contacts, coin silver, fine sil- 
ver, palladium and other precious 
metals may be specified. 

Finishing to specifications is an- 
other service of interest to design 
engineers. Rivets can be plated with 
brass, cadmium, copper, nickel, tin, 
zine, etc. Morever, they can be oxi- 
dized or finished in japanned colors 
to match the original equipment or 
product. 

Low fastening costs result from the 
application of Thomson Semi-Tubular 
Rivets with automatic rivet-setting 
machines. The low cost of rivets, as 
compared with most other fasteners, 
combined with high machine speeds 
invariably leads to production line 
economies. Machines are low in ini- 
tial cost and require little main- 
tenance. Furthermore, they can be 
operated by unskilled labor. 


FLOOR-TYPE 
FOOT-OPERATED 


FLOOR-TYPE 
MOTOR-OPERATED 


HIGH PRODUCTION 
RIVET-SETTING MACHINES 


Thomson has developed more than 
200 styles of modern, high speed ma- 
chines which can be adapted to in- 
numerable fastening jobs. These 
machines are divided into three basic 
models: floor type with foot-pedal 
operation, floor type with motor op- 
eration, and bench type with motor 
operation. All permit automatic hop- 
per feed for maximum speed, and 
some motor driven floor models are 
equipped for multiple rivet-setting. 

Special work-handling devices ac- 
celerate riveting operations. Radial 
or turret feeds are common acces- 
sories for machines geared to high- 
production fastening of parts, as are 
all types of special loading fixtures. 
Thomson selects the proper machine 


DESIGN 
PRODUCTION 
& PURCHASING 
DATA 


DESIGN PRACTICES 


Right Wrong , 


Clearing Corners 


Allow plenty of room between hole and 
flange for anvil clearance. 


Joining Thick and Right Wrong 


Thin Sections | ; 


Right Wrong 


aa 


Avoid Over-Sized Holes 


Insert rivet from 
thin-gage side 
and clinch against 
heavier section. 


When holes are too large, rivet may buckle 
during clinching operation. 


Right Wrong & 1 


R 


The wider the channel, the easier the rivet- 
ing operation. Clinching inside ““U"' leaves 

driving and feeding mechanisms out in 
the open. 


Joining “U" Sections 


to do your job most efficiently and 


custom-tools it to fit your fastening 
requirements. 


DESIGN & ENGINEERING SERVICE 


We will gladly evaluate your fast- 
ening problems at your request. Con- 
tact us while designs can still be 
modified for lowest cost fastening 
method. Simply send sketches, prints, 
or preferably samples of actual work. 


FREE ‘FASTENER FACT FILF’ 


Be one of the first to profit from 
our new manual on all phases of rivet- 
ing. It covers rivet types, applications, 
materials, finishes, and other factors 
that determine selection of the right 
design, rivet and machine for cutting 
fastening costs. Re- 
quest your copy to- 
day. Write Judson L. Fastener Fact 
Thomson Mfg. Co., File 
Dept. D, Waltham 
54, Massachusetts. 


JUDSON L. WOW! SON MFG. CO., WALTHAM 54, MASS. 
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AVAILABLE IN 
FOUR TIME RANGES 
7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD” FEATURE 
if desired 


INtustrated above: 

MODEL T-102 (for mounting di- 
rectly on sheet metal panel) 59 00 
Also available in metal box with 
or without signal light. 


aay CHA 
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More than just a warning de- 
vice, Cissell Time Switches open 


+.» Or close . . . an electrical 

a | 5 7 aT circuit at the end of a specified 

time period. They are adaptable 

to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 

to prove that we have the 

answer to YOUR time switch 


problem. Contact us now for 
detailed information. 


Baer) Duty 


Wt 
SWITCHES 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE., 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 


Patent Applied For LOUISVILLE, KENTUCKY 


NON 


Circle 386 on page 17 


ENCLOSURES 
and PANELS 


A complete range from 12x 12" 
to 60x90". These new engi- 
neered enclosures comply with 
JAC. specifications and are 
available to help you solve 
your junction box requirements 
at lower prices. 


* Send for Standard 
Size and Price List 


HH. F. 


GRAND 


Standard Price Includes: 


. PRIME COAT 
NEOPRENE GASKET 
SUB PANEL 
MOUNTING LUGS 
CAPTIVE SCREWS 


We fabricate custom 
enclosures of all types ¥ <q 


Cc Oo p 4 % Oo e 601-607 OTTAWA ai 


RAPItBS 2, MIicHI GAN 


Circle 387 on page 17 


PANELS, SHEET STEEL. See Sheet 
Metal Fabricators. 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass 
Hollingsworth & Vose Co., East Walpole, 


Mass 
Mills Co., Dept. EM. 


Mosinee Paper 
Mosinee, Wis 

West Virginia Pulp and Paper Co., 280 
Park Ave., New York 17, N. Y¥ 


PAPER, INSULATING 


Aeme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 18, Del. 
Cottrell Paper Co., Inc., 88 Purchase. 

Fall River 1, Mass. 

Dennison Manufacturing Co., 300 Howard, 
Framingham, Mass 

General Electric Ce., 
Decatur, Ii 

Hollingsworth & Vose Co., East Walpole. 
Mass 

{Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

Johns-Mansville, Box 14, New York 16 
N . 

Mica Insulator Co., A Sub. of Minnesota 
Mining & Manufacturing Co., Schenec 
_. 

Mosinee Paper Millis Ce, Dept. EM 
Mosinee, Wis. 

National Vulcanized Fiore Co., Wilming- 
ton 99, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

Spaulding Fibre Co., Inc., Tonawanda, 
N.Y 


Plastics Dept.. 


West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


PAPER, PHOTOGRAPHI€ 
REPRODUCTION 


Ozalid, A Div. of General Aniline & 
Film Corp., Johnson City, N. Y¥ 


PAPER, TRACING. See Tracing Cloth 
Film and Paper. 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & King Perforating Co., Inc., 
5657 Filmore, Chicago 44, IIL 


PERMANENT MAGNETS. See Magnets. 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
Maliory & Co., Inc., P. R., Indianapolis 
6. Ind 
Miller Co., Meriden, Conn. 
Penn Precision Products, Ine 
cent Ave Reading, Pa 
Revere Copper and Brass, Inc., 
Ave., New York 17, N. Y¥ 
Riverside-Alley Metal Div., 
Co., Inc 
Seymour 
Conn 


501 Cres- 
(Strip) 
230 Park 


H. K. Porter 
Riverside, N. J. 
Manufacturing Co., Seymour. 


PHOTOELECTRIC CELLS and TUBES 


Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5. N. Y. (Photoelectric 
Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 


Tubes) 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 


PHOTOELECTRIC CONTROLS 


Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Sales Div., 
Schenectady 5 ia 

Mercoid Corp., 4201 Belmont Ave., Chicago 
41. ml 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave.. Newark 5, N. J. 


PILLOW BLOCKS. See Blocks, Pillow. 
PINS, COTTER and LOCK. See Fasteners 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, 
and FABRICATORS. 


American Insulator Corp., New Freedom, 


Pa. 

Anchor Plastics Co., Inc., 36-36 36th 
Long Island City 6, N. Y. 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Barber-Colman Co. Dept, U, 
Rockford, Ill 

Borden Co., Resinite Dept., Santa Barbara, 


Calif 
Brand & Co., Inc., William, Willimantic, 


Conn. 


EXTRUDERS 


1803 Rock 


Continental-Diamond Fibre, a Sub. of The 
Budd Co., Newark 13, Del. 

Cosmo yunsies Co., 3239 W. 14th, Cleve- 
land 9, o 

Crane Packing Co., 6424 Oakton, Mortes 
Grove, Ill. 

Dimco-Gray Co., 210 E. 6th, Dayton & 
Ohio 

Erie Resistor Corp., Plastics Div., Erie, 
Pa 

Formica Corp. Sub of American Cyanamid, 
4521-7 Spring Grove Ave., Cineinnati 32 
Ohio 

General = Co., Dept. 
Decatur, Ill. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace. 
Irvington 11, N. J 

Kuhn & Jacob Molding & Tool Co., 1204 
Southard, Trenton 8, N. J 

Kurz-Kasch, Inc., 1419 8S. Broadway, Day- 
ton 1, Ohio 

Mica Insulator Co., Sub. of Minnesots 
Mining & Manufacturing Co., Schenec- 
tady 1, N. ¥ 

Midwest Molding & Mfg. Co., Gurnee, 96, 
Ill 

National Vulcanized Fibre Ce., Wilmington 
99, Del 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

Nosco Plastics, Inc., Erie 4, Pa. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 

Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div., Manheim, Pa s 

Resistofier Corp., Roseland, N. J. 

Richardson Co., 2799 Lake, Melrose Park, 
Th 

Rogan Brothers, 8027 N 
Skokie, Ill 

Rostone Corp., 2405 S. Concord Rd., La- 
fayette, Ind 

Ryerson & Son, Inc., 
80, Ill 

Spaulding 
N. ¥ 

Sylvania Electric Products, Inc., 1746 
Broadway, New York 19, N. Y 

Synthane Corp., 17 River Road, Oaks, Pa 

Taylor Fibre Co., Norristown, Pa 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1. 
N. J 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Plastics 


Monticello Ave., 


Joseph T., Chicago 


Fibre Co., Inc., Tonawanda 


PLASTICS — MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Diallyl Phthalate (X) 
Hpoxy Resins (Uv) 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Nylon (Q@) 
Phenolics (E) 
Plastisols, Vinyl (I) 
Polyethylene (H) 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (F) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (K) 
Viny) Chloride (Vv) 
Viny!-Chloride 

Vinylidenechloride (Ww) 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride (N) 


Borden Co., Santa Barbara 
Calif. 

Ciba Co., Inc., 
Pa, (U) 

Dow Chemical Co., Midland, Mich. (F) 

Dow Corning Corp., Midland, Mich. (8) 

du Pont de Nemours & Co. (Inc.), ~ Z.. 
Plastics Div Polychemicals Jept 
Wilmington 98, Del. (ADGKLPR) 

Durez Plastics Div Hooker Electro- 
hemical Co., 1309 Walck Rd., N. Tona- 
wanda, N. Y. (E) (Casting Resins) 

General Electrie Co., Plastics Dept., 
Decatur, Ill. 

Glastic Corp., 4323 Glenridge Rd., Cleve- 
land 21, Ohio (Q) 

Goodrich Chemical Co., B. F., 31385 Buclid 
Ave., Cleveland 15, Ohio (INVW) 

Houghton Laboratories, Inc., 140 Houghton 
Ave.. Olean, N. Y. (U) E 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, 

Koppers Co., Inc., Chemical Div., 

Bidg., Pittsburgh 19, Pa. (FH) 

Marbon Chemical Div. of Borg-Warner, 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill. (CEJ) 

Rostone Corp., 2405 8. Concord Rd., La 
fayette, Ind. (H) 

Sheil Chemical Corp., Chemical Sales Div., 
380 Madison Ave., New York 17, N. Y. 
(U) 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1, 
N. J. (P) 


Resinite Dept 


Plastics Div., Kimberton, 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Borden Co., Resinite Dept., Santa Barbara, 
Calif 
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Reserve your copy of the NEW 
»-Year ANNOTATED 


EDITORIAL INDEX 


Electrical 


WUE Ce etry lated e eature A rtic les 


Contact Devices 

Slip Rings for Electrical Circuits, W. F. Mason. 
Voltages to 30 kv, currents to 600 amp, fre- 
quencies to 100 me are handled by slip rings 
operating at speeds as high as 20,000 rpm. 
Higher speeds are in prospect. Design factors 
and materials are discussed in this article. 

Attachment of Electrical Contacts, J. W. Kehoe 
An examination of commonly used welding 
and brazing techniques for the attachment of 
contacts. New applications of the induction 
and gas-air brazing processes demonstrate 
their ability to produce close heat control and 
their suitability for large scale output. 


Electrical Contact Materials, Dr. J. D. Kleis... Apr 55 


Mechanical and electrical properties of over 
thirty metals, alloys and oxides thereof are 
related to performance in five classes of appli- 
cation ranging from sensitive, low current 
contacts to heavy duty switchgear with con- 
siderable arcing present. 
Electrical Contacts—I, F. J. Spayth and V. E. 
Heil ; ; 
Contact resistance, metal transfer, erosion, 
sticking or welding and energy dissipation 
are performance factors covered under con- 
tact physics in Part | of a two-part article. 
Electrical Contacts—II, F. J. Spayth and V. E. 
Heil oor AR a ak ee 
In the concluding part of the article, per- 
formance factors are discussed on four basic 
contact materials—pure metals, true alloys, 
silver semi-refractory compacts and composi- 
tions of refractory metals with silver or 
copper. 
. Carbon Brushes for Electrical Machines—I, 
. .W.R. Appleman and F. J. Oliver. . . 


USE THIS ORDER 
FORM AND GET A 
BONUS COPY OF 
THE 1956 
ANNOTATED INDEX 


SEPTEMBER 1957 


Al 


May 


published during 1951-1955 


A PRACTICAL REFERENCE SOURCE FOR 
EVERY ENGINEER ENGAGED IN 
PRODUCT DEVELOPMENT AND RESEARCH 


A cumulative five-year Annotated Editorial Index to ELec- 
rRICAL MANUFACTURING has been especially planned to serve 
the working needs of those concerned with the design engi- 
neering of electrically energized products. (A separately 
bound Index for 1956 will be announced shortly). 

The Subject Index see specimen opposite—is based on 
a functional subject classification that has been developed 
by the editors of ELecrricAL MANUFACTURING for their own 
use. It reflects contemporary concepts of the design appli- 
cations of materials, components, processes and techniques. 
The cumulative annotations provide a valuable, time-saving 
reference source, both to recent and earlier literature. For 


added convenience, an alphabetical author’s index is also 
provided. 


The five-year Cumulative Annotated Index comprises 60 
pages. It is printed on a durable white coated stock and 
wire-stitched to handy file-size, 844” x 11”. 


The per copy price is §2.00, on orders 
N 3 per cent for New York City del 
. the ne r 


sis survey of current practices in brush apg® 


» the same address 


The Gage 


THE GAGE PUBLISHING COMPANY 
1250 Sixth Avenue 
New York 20, New York 


Please mail to me promptly copies of the ANNONATED 
INDEX OF ELECTRICAL MANUFACTURING, 1951-1955. Remittance 


of $ is enclosed. It is understood that a gratis copy of the 
separately bound 1956 INDEX will be sent me as soon as available. (One 
copy for each 5-Year Index ordered) : 

Name 


Company 
Address _ 





Silicone Sponge Rubber 


for sealing, gasketing, pressure pads, 
vibration dampening — 100° F to 480°F 


Low density COHRIastic R-10470 silicone sponge rubber is 
completely flexible after 72 hrs. at 480°F, shows no brittleness 
after 5 hrs. at —100°F. High tensile, tear and elongation 
Closed cell construction is non-absorbing. Called out on 
aircraft and electronic drawings and specifications. Available 
from stock in sheets 14.” thru 1s”, in rod .180” thru .585’ 
Special extruded shapes made to order. 


FREE SAMPLES and folder—write, phone or use inquiry service 


CONNECTICUT HARD RUBBER 


CONNECTICUT 


se > as Ds 
<i> ~L<Y ae ib 
SILICONE RUBBER MOLDINGS 
SHEET & SPONGE & EXTRUSIONS 


Pe ae J 
Circle 388 on page 17 


re 
AIRFRAME SILICONE RUBBER 
SEALS COATED FABRICS 


SUB-MINIATURE 


panel-mounting Unimax USMJ-1 
switch provides plunger-type 
over-travel actuator. 


ACTUAL SIZE 


@ Extremely 
necessary 


small panel - space 
(less than 1” x 4%”) 
@Rating: 242 a. 30 v d-c. induc 
tive; 4 a. 30 v d-c, resistive;-5 a 
125/250 v a-c 
@Reliable, precision, snap-act 
ng, SPDT, fully-enclosed for use 
space 


Type USMW 
Type USML 
travel of actuator-button 
0Z. operate force. max 


shed to meet commercia 
ndards; can also be furnished 

gh-temperature use up to 
5°F. and to meet Military 
Specification MIL-S-6743 


FREE DATA SHEET on all Unimax 


sub-miniature switches and actuators avail- 


7 Type ATM.1 


Type USMB-1 


able on request 


UNIMAX SWITCH 


Division The W. L Manton La 
IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 389 on page 17 


Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Formica Corp A Sub of American 
Cyanamid, 4521-7 Spring Grove Ave., 
Cincinnati 32, Ohio 

Genera Electri C Plastics Dept 
Decatur, Ill 

General Electric C¢ Laminate Products 
Dept Coshocton, Ohit 

Glastic Corp., 4312 Glenridge, 
7, Ohio 

Houghton Laboratories, Inc., 

»., Olean, N. Y 
1 Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 
Insulator Co., Schenectady 1, N. Y 
nal Vulcanized Fibre Co., Wilming- 
t 99, Del, 

Resinite Corp Div. of Precision Paper 
Tube Co., 6980 North Central Park 
Chicago 45, TIL 

Resistotiex Corp 

Ryerson & Son, Inc 
Il 
pauld 

_ ae 

Taylor Fibre Co 

I S. Rubber Co., 2638 N 
Chicago 39, Ill 

Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Pittsburgh 30, Pa 


Cleveland 


140 Houghton 


Roseland, N. J 
, Joseph T., Chicago 8 
iding Fibre Co Inc., Tonawanda 
Norristown, Pa 
Pulaski Rd., 


Gateway Cen- 
Liberty Ave 


PLATINUM and PLATINUM 
UCTS. See also Contacts 

American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 

Brainin C 
Vernen 

Genera Metals and Controls 
Cor ( $ Attleboro Mass 

Handy & Fulton, New York 

N 


8 


PROD- 


318 Washington, Mt 


Ney ‘Co ‘ xx 990, Hartford 1, 
Conr 
Wilson Co., H. 4 Route 22, Union, N J 


PLIERS and CUTTERS, WIRE 


Kleir s, Mat s, 7200 McCort 
Rd Ch ago 45, l 


PLUGS and JACKS, COMMUNICATION 
nt R36 th Ave 
Mir 
1432-36 N 
I 


28 N Halsted, Chicag¢ 


PLUGS and RECEPTACLES 
Alcor Manufacturing Co., 4444 W. Roose- 
R ag l 
Amphenol Electron Yorp., 1830 
Ave l 
Arrow -Hart 
Hawthorne 


Hegeman Electric 
Hartford 6, Conr 
etri Sales Corp 

4633 W 


etri Co Dept 
las Angeles 31, 
Ce Trenton 4 ’ 
L. L., Route 46, Lodi 


Inc 50 Church, New 
is Co., Syracuse 1, N. Y 
ctric Co., C iction Mate 
Bridgeport 2, Conr 
uring Co., 211 Bartholomew 
Conr 
; D 6F., 42381 
Waseca, Minn 
Dis Howard B., Ci 
‘ 24, 1 
7 7447 W 


Brookfield. 1 
, Solvay Station, Syta 


388 N. Kostner Av 


Royal Electric Cort Pawtucket R I 
Stromberg-Carison, Div f Genera 
Dyr Cory 117 Carison Rd 


R 


PNEUMATIC TOOLS and EQUIPMENT 


‘ Le er Co Quir I 
PORCELAIN. See Ceramics 


POSTS, BINDING 
Des Plaines 
ect % Bristo 


POTENTIOMETERS. See also Rheostats 


ronics Associates, Dept. EM, 101 
Mass 
5 S. Second, Mil 


Borg 


9119 


) Inc., Dover, N. H 
w Mt. Pleasant Ave 
ingstor N. J 
wton Upper Falls 64 
teckman Instru 


*lacentia Co 
, 401 N. Broad 
3613 Howard 


C« St. Marys, Pa 
Worcester, Montgorery 


Weston Electrical Instrument Cort 
of Daystrom, In 614 Vre 
Ave., Newark 5, N. J 


A Sub 


POTS and LADLES, MELTING 
General Electrical Co., 


Div Schenectady 5, N 
Vulcan Blectric Co., Danvers 2, Mass 


Apparatus Saly 
y 


ee. _ METAL FRoOUCTS Sea 
also Bearings and Bust “ 

Amplex Div., 
Mict 

Gibsor Electric Co Old Wr 
Highway Delmont, Pa 

Mallory & Ce Inc a 
6, Ind 

Radio Cores, Inc 9546 Tulley Ave., Oak 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland 
Saginaw 8, Mich 


 Guveer Corp., Detroit 31 


Indianapolis 


POWDERS, METAL 


American Platinum Works, 231 New Jer- 
sey Railroad Ave., Newark 5, N. Y 

Handy & Harman, 82 Fulton, New York 
8, N. Y 

New Jersey Zine Co 
38. N. Y. (Brass, 
Zin 


160 Front, New York 
Bronze, Copper and 


POWER SUPPLY UNITS 


American Television & Radio Co., St. Paul 
1, Minn 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Il 

Fanstee] Metallurgical Corp., North Chi 
cago, Til 

Mallory & Co., Inc., P. R., 
Ind 

Servomechanisms Inc Mechatrol Dis 17 
Brooklyn Ave., Westbury, L. I., N. Y. 

Superior Electric Co., 803 Middle, Bristol 
Conr 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


Indianapolis 6 


PRE-PLATED 
Brass, 
Strip) 


American Nickeloid Co., Peru 3, Ill 
Superior Electric Co., 803 Middle, Bristo 
Conn 


METALS 
Copper, Steel, Zinc, 


(Aluminum 
Sheet and 


PRINT MACHINES 


Ozalid, A Div. of General Anilin 
Corp., Johnson City, N. Y¥ 


PUMPS 

Allis-Chalmers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div., Sid 
ney. N. Y 

Robbins & Myers, In 
field, Ohio 


Pump Div., Spring 


PUSH BUTTON STATIONS 

Allen-Bradley Co., 1316 8 cond, Mil 
waukee 4, Wis 

Allis-Chalmers, Milwaukee 1 Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne Hartford 6, Conn 

Automatic Elect Sales Cort Nor 
ake Til 

Clark Controller Co 
land 10, Ohio 

Crouse-Hinds Co 

Cutler-Hammer In 
Milwaukee 1. Wis 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y 

Micro Switch, A Div. of Minneapolis 
Honeywell Regulator Co., Freeport, Ill 

Pyle-National C 1388 N. Kostner Ave 
Chicago 51, Ill 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wi 

Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd 
Rochester 3, N. Y 

Ward Leonard Electric Co., 34 Sout 
Mount Vernon, N. Y 

Westinghouse Electric Corp 
ter Bldg No. 3, 401 
Pittsburgh 30, Pa 


, 1146 E. 152nd, Cleve 


Syracuse 1, N. Y 
1264 St. Paul Ave 


Gateway Cen 
Liberty Ave 


PYROMETERS 


Assembly 
Ohio 

Bristol Co., Waterbury 20, Conn 

Weston Electrical Instrument Corp 
~ Daystrom, Inc., 614 
Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colmap 
Co., 1403 Rock, Rockford, Il 


Products, Inc., Chesterland 14 


A Sub 
Frelinghuysen 


QUARTZ, FUSED 


Amersil Co., Ir 
side 5, N. J 


685 Ramsey 


REACTORS. See Transformers 


RECORDER COMPONENTS, 


IC. See Instruments 


MAGNET- 


RECORDERS, COMPUTER. See Instru 
ments, Electronic 


RECORDERS, GRAPHIC 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 


Bri Electr ( Div. of Clevite 
3405 Pe rkins Ave., Cleveland 14, 


Midwestern Instruments, 4lst and Sheridan 
Rd Tulsa Okla 

Sanborn Co., Industrial Div., 175 Wymear 
Waltham 54, Mass 
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RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Technical-ities 


By John S. Davey 


Bolts take greatest 
stress during wrenching 


If a bolt doesn’t fail when being 
wrenched up tight, it won’t 
fail in service (assuming bolts 
and joint have been designed 
adequately for the loads). 

That’s because two forces 
put stress on bolts (and cap 
screws) as they tighten: Ten- 
sion due to bolt stretch; torsion 
due to friction. But only ten- 
sion remains after wrenching. 
In a rigid joint, if this tension 
exceeds external forces, bolts 
will never experience any fur- 
ther strain, and will therefore 
not loosen or fail. 


WHY SOME FAILURES? 
Obviously, unusual unforeseen 
loads cause trouble. The instant 
they exceed residual tension, 
they add to the stress placed on 
the bolt and can cause immedi- 
ate failure. Or they can cause 
loosening, leading to stress 
change, which in turn causes 
fatigue and failure. That’s why 
you’ve got to torque bolts tight 
... and the tighter the better. 

An exception: A _ flexible 
joint. With high cyclic loading, 
again loosening and fatigue 
cause trouble. Since you 
shouldn’t tighten such a joint 
too much, sometimes the only 
remedy is to take out the flex- 
ible element and put in a rigid 
joint, (A metal to metal flange 
connection instead of a gasket- 
ed one, for example.) 


SEPTEMBER 1957 


Are you using 
more bolts than needed ? 


The stability of a 4 bolt arrangement can be matched by a 120° spacing of 3 bolts. Strength can be actu- 
ally increased by using RBaW high carbon heat treated bolts (identified by ‘‘E’’ and three radial dashes) 


|. (gees wants to use too few bolts 
or cap screws and risk failures. 
But using too many is not the best 
answer either. It means too many 
holes to drill, to fill — both costly. 

RB&W offers some suggestions. 


BALANCED BOLT PATTERN 

3y “rule of thumb,” bolts are gen- 
erally arranged symmetrically in a 
pattern of four. Yet three bolts 120 
apart around a common center will 
prove just as stable, and save on 
assembly. With stability assured, 
the problem is then one of load ca- 
pacity. 


PRELOAD TO GET FULL CAPACITY 
In checking size and number of 
bolts, calculate the stress and get 
rid of the excess. You have enough 


High strength bolts stop 


joint failure from vibration 


if you’ve allowed for usual factor of 
safety ... and the fasteners are 
tightened so that residual tension 
exceeds maximum external load an- 
ticipated. If they are, you have 
safety. The bolts will stay tight, 
won’t fatigue, won’t fail. 

With RB&W standard fasteners, 
engineers and production men can 
take quality,. uniformity and de- 
pendability for granted — and can 
concentrate on the problem of 
proper application and assembly. 
For help or information on your spe- 
cific product, write Russell, Burdsall 
& Ward Bolt and Nut Company, 
Port Chester, N.Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Iil.; Los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 


High 
Tensile 


Shakeout equipment used by one company for un- 


loading coal cars applied its vibration via a fabri- 
cated frame lowered onto the cars. This frame was 


originally riveted. 


Hardened 


But it was a constant source of maintenance, About 
every 10 days, the frame had to be welded, loosened 
rivets replaced. Finally it was refastened with RB&W 
high tensile bolts and hardened washers. Maintenance 


now is nil! 


Proving again that high strength bolts make the 
strongest connection for the severest service. 
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ARERNS 


Compact Control 


For Remote operation of 
Dampers, Vents and Valves 


Easy to install, low cost sector gear and pinion device 
with wire flexible control. Converts rotary motion to 
linear push-pull. 114” travel. Occupies only 134” x 
14” panel area. Requires only one nut for mounting. 
Write for information. 


ARERS conrtrots, inc. 


2005 Greenleaf Street 
Evanston, Illinois 


Write Direct to Advertiser 


NOW! A LOW COST, BENCH MODEL 
BALANCER THAT WILL ELECTRONICALLY 
DETECT THE LOCATION AND MAGNITUDE 
OF UNBALANCE IN ANY ROTOR FROM 
4-OUNCES TO 100 POUNDS! 


MODEL SU-6 DYNAMIC BALANCER IS EASY 
TO OPERATE, REQUIRES LITTLE SPACE 
AND MINIMUM FIXTURIZATION. A MOST 
PROFITABLE INVESTMENT FOR MANUFAC- 
TURERS AND SHOPS HANDLING ARMATURES, 
ROTORS, PROPELLERS, IMPELLERS, GYROS, 
FANS, BLOWERS, DRUMS, ETC. 


WRITE OR CALL FOR MORE INFORMATION. 


MICRO BALANCING, INC. 
Herricks Road, Garden City Park, N. Y. 


Most Famous Name In Dynamic Balancers 
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RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div., 

_ North Chicago, Ill, (Selenium) 

Federal Telephone and Radie @., Div. of 
International Telephone and Telegrapb 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide Industrial Germanium) 

General Electric Co., Semiconductor 
Products, Electronics Park, Syracuse 1, 
N. ¥. (Germanium Diodes, Germanium 
and Silicon Rectifiers). 

Hoffman Semiconductor, Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, IIL. 

International Rectifier Corp., 1521 B. 
Grand Ave.. El Segundo, Calif. (Selen- 
ium, Germanium, Silicon) 

Internationa! Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa. 

Mallory & Co., Inc., P._R., Indianapolis 
6, Ind. (Magnesium-Copper Sulphide) 

Kadio Heceptor Co., Inc., Semicenductor 
Div., 240 Wythe Ave., Brooklyn 11, N. ¥ 

Sarkes Tarzian, Inc., Rectifier Div., Dept 
M-3., 415 N, College Ave., Bloom- 
ington, Ind 

Syntron Co., Homer City, Pa. 

Ther Blectric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Ill. (Selenium) 
Tranisitron Electronic Corp., Wakefield, 

Mass. (Silicon) 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa. 
(Selenium) 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RECTIFIERS, TUBE TYPE 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Eitel-McCullough, Inc., San Bruno, Calif. 

a a Inc,, 127 Sussex Ave., Newark 8, 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

RCA Blectron Tube Div., Radio Corp. of 
America, Harrison, N. 

Westinghouse Electric Corp., ‘Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


REGULATORS, MOTOR SPEED. See 
Controllers, Moter. 


REGULATORS, TEMPERATURE. 
Thermostats. 


REGULATORS, VOLTAGE. See also 
Transformers, Variable Voltage. 


Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Curtiss-Wright Corp., Carlstadt, N. J. 

Eseco Works, Delta-Star Div.. H. K. 
Porter Co., Inc., —— Til. 

General Electric Co., aratus Sales Div., 
Schenectady 5, 5 

Hoffman Semiconductor Div. 
Electronics * cae 930 
Branston, 

R-B-M * “Gontrot Div., Essex Wire Corp., 
Logansport, 

Sola Electric F ong 4633 W. 16th, Chicago 


50, Tl. 

Standarc Poe Products Co., 2240 E. 
Third, Dayton 3, Ohio 

Superior Electric Co., 303. Middle, Bristol, 
Conn. 

Vickers Electric Div.. Vickers Inc., 1808 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


of Hoffman 
Pitner Ave., 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn 

A’G’A Div. of Elastic Stop Nut Corp 
of a8 ge 1027 Newark Ave., Elizabeth 
8, N. Jd. 

Adams & Westlake Co., Elkhart, Ind. 
(Mercury) 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Allied Control Co., pat 2 East End Ave., 
New York 21, N. 

Allis-Chalmers, bilweukes 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, [lL 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Assembly Products, Inc., Chesterland 14, 
Ohio 

Automatic Electric Sales Corp., North- 
lake Ill 

Automatic Switch Co 
Florham Park, N. J. 

Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa. 

Barber-Colman Co., 
Rockford, Ill 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Vocaline Co. of 
America Inc., 108 Coulter, Old Say- 
brook, Conn, (Time Delay) 

Clare & Co., C. P., 3101 Pratt Bivd., 
Chicago 45, Til 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill 

Cramer Controls Corp., Box 8, Centerbrook, 
Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Durakool, Inc., Elkhart, Ind. (Mercury) 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, Ill 

Ebert Electronics Corp., 212-05 Jamaica 
Ave Queens Village 28, N. Y, 


50-M Hanover Rd., 


Dept. U, 1803 Rock, 


Edison Industries, Thomas A., Instrument 
pis. McGraw-Edison Co., Roseland, 

Elgin National Watch Co., Electronics Div., 
Elgin, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telgrapb 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Filtors, Inc., 30 Sagamore Hill Dr., Port 


Washington, L. L. 
8 Hollywood Plaza, 


G-V Controls Ine. 
East Orange, N. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Guardian Electric, 1627-K W. Walnut, 
Chicago 12, I. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20 Conn. 

Haydon Mfg. Co,. Inc., 2527 Elm. Tor- 
rington, Conn. 

Heinemann Electric Co., 99 Plum, Trenton 

N. J. (Time delay) 

Keliogs Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Ill. (Magnetic 
Impulse) 

Lakewood Controls Corp., 264 E. Prairie, 
Crystal Lake, Ml. 

Leach Corp., Leach Relay Div. sons Ava- 
lon Blyd., Los Angeles 3, Cali 

McQuay-Norris Manufacturing ce. 2322 
Marconi, St. Louis 10, Mo. 

Magnecraft Electric Co., 3352 W. Grand 
Ave., Chicago 51, Ill. 

Meee 4201 Belmont Ave., Chicago 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill. 

ees Control Corp., 59 W. Washington. 
Joliet, lb 

Potter & Brumfield Mfg. Co., Inc., Sub. 
of American Machine & Foundry Co., 
Princeton, Ind. 

Price Eleetric ie . 1500 Church, Frede- 


rick, 
Essex Wire Corp., 


R-B-M “Control” Div., 
Logansport, Ind. 

RCA Electron Tube Div., Radio Corp, of 
America, Harrison, N. J. 

Sigma Instruments Inc., 60 Pearl, Soutr 
Braintree 85, Mass. 
Square D Co., 4041 N. Richards, Miiwav 

kee 12, Wis. 
Standard Electrical Products Co., 
Third, Dayton 3, Ohio 
Stromberg-Carlson, A _ Div. 
Dynamics Corp., 117 
Rochester 3, N. Y. 
Tung-Sol Electric Inc 
Newark 4, N, 
Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa. 
Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y. 
Westinghouse Electric 
Center, Bldg. No. 8, 401 


2240 E 


of General 
Carlson Rd., 


, Electroswitch Div., 


, Gateway 
Aberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelock Signals, Inc., 273 Branchport 
Ave., Long Branch, N. J. 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 

cago 10, Il. 


REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors; Switch- 
es: Controls, Pressure and Tempers- 
ture. 


RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating. 


RESISTANCE ALLOYS 


Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J. 
Driver-Harris Co., Harrison, N. J. 
Kanthal Corp., 3 Amelia Pl, Stamford, 
Conn 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units. 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist- 
ance, 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥. (Bulb Type) 

Centralab Div. ef Globe-Union, Ine., 
914 E. Keefe Ave., Milwaukee 1, Wis. 

Clarostat Mfg. Co., Inc., Dover, N. 

Corning Glass Works, Technical Products 
Div., Corning, N. ¥. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 

ae Resistor Corp., Electronics Dtv., Erie, 


40 Hermon, New 
. Broad, 
Indianapolis 


Hardwick, Hindle, Inc., 
ark, 5 N 

International Resistance Co., 401 N 
Philadelphia 8, Pa 


as ys ing Co., Inc, P. B., 
6, In 
Ohmite Manufacturing Co., 3613 Howard, 
Skokie, IL 
RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 
Resistance Products Co., 914 8. 13th. 
Harrisburg. Pa. 
Sprague ~— Co., 307 Marshall, North 
ass. 
, 4041 N. Richards, Milwau- 
Stackpole Carbon Co., St. Mary, Pa. 
Texas Instruments, Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 
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QUALIFIED ELECTRO-MECH 


ANICAL 


PRODUCTS FOR THE AIRCRAFT 


AND MISSILE INDUSTRIES 
QUICK DISCONNECT 


JUMPER nee 
6-4 


POWER JUMPER 


a OO A JUMPER 
; acai 


BONDING JUMPER 


The JANCO line of Jumpers are 

specifically made to MS-25083, AN-749, 

AN-751, AN-752, AN-J-1A and MIL-B-5087 

and other aircraft specifications. Jumpers can 

be furnished for bonding, disconnect, current return, 


flexible or rigid applications and are supplied in cable, solid, 


braid, insulated or bare form. 


12 years of engineering and manufacturing experience 
are available to make your electrical application 
better with JANCO JUMPERS. Unique requirements 
can be designed and manufactured to your 


specifications 


ADDITIONAL JANCO PRODUCTS 


© BUS ASSEMBLIES 
© SHUNTS-AMMETER 


* FLAG TERMIN 


* ANTENNA SH 


JANCO 


PHONE: 
VICTORIA 9-2107 
AND 
THORNWALL 8-5792 


—t— 


3111 WINONA AVENUE 


Circle 39 
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field coil Retainer Strips! 


‘Double-step 
Method 


SPEED UP field coil 
assembly now with 


tio DERMA-KLIPS 


Why buy, cut and apply strips of insulation under your 
field coil retainer strips? Hanscom PERMA-KLIPS, pre- 
insulated and pre-formed to your requirements, 
eliminate all these extra time-consuming opera- 
tions! V4" wide ductile steel wire, highest quality 
electrical grade Kraft insulating paper, ready for 
varnish dip and bake . . . for as little as $7.88/M 
. . « perfect for assembling small electric motors. 
H. F. Hanscom & Co., Inc., 6 Virginia Ave., 
Providence 5, R. |., U.S.A. 


Write 

for 

free 
Samples! 


Hanstom 


PERMA KLIPS 
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© GENERATOR EQUALIZING RESISTORS 


~@ 


ALS * HEAVY DUTY LIMIT SWITCHES 


© ROTARY MULTI-POLE SWITCHES 
OCK LINKS 


ORPORATION 
——_— 


/ 


y 


BURBANK, CALIFORNIA 
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SIMPLEX 
WIRE STRIPPERS 
A 


ND CUTTERS 
e Clean Cutting 


ie 


e Precision Stripping 
e Fast Working 
e Easy Operating 


e Low Cost e Rapid Setup 


Our production wire strippers and cutter will strip and cut to length 
all types of insulated wires including parallel lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
sample wires and have your stripping problems engineered by Wenco 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
- TOOLS © DIES © STAMPINGS © SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22, 1LLINO'NS 


Circle 394 on page 17 379 





PRODUCTION 
WIRE STRIPPERS 


Fill All Needs -- 
Solve All Problems 


Ideal manufactures the fastest production 


strippers on 


the market. Whatever your 


needs are, even if you don’t consider them 
problems, an Ideal Stripper will give you 
better work faster and cheaper! Here is real 
proof—a condensed list of wire stripping 
needs that Ideal Strippers are called upon to 
fill every day: 


R, RF, CF, AF, Radio hook-up, Lead-in wires, etc., 
up to 7/16” in diameter; Any cotton, silk, 
synthetic (plastic) insulation or rubber coverings 
from fine stranded or solid conductors up 

to 7/16” in diameter; Plus all types of Film- 
insulated wire (AWG #50 to AWG #0) 

as close as 1/8” from the body of the 

winding or coil form. 


The above list shows you how we can prom- 
ise to fill every need. Now read about the 
“Big 2” illustrated below, and mail coupon 
for all details. Better yet, include wire sam- 
ples and let Ideal Engineers recommend the 
stripper that exactly fits your needs. 


“merAaARyY TYPE | TWIN CONE TYPE 


For high-speed production 
stripping of most types of 
single conductors, solid or 
stranded wire up to a maxi- 
mum of 3/8” outside diameter. 


rai 
COUPON 
TODAY! 


1 


Wire Strippers. 
Name 


Company. 


Quicker, cleaner stripping of 
all types of film insulation with 
one grade of wheel. Wire size 
AWG #50 to #25. REPLACE- 
MENT WHEELS: One pair 
strips all sizes. IDEAL offers 
top quality at less cost per 
pair than the average of other 
good quality wheels. 


Sold Through America's Leading Distributors. 
In Canada: Irving Smith, Ltd., Montreal 


IDEAL INDUSTRIES, Inc. 
1008-! Park Ave., Sycamore, Illinois 
Please send full information on all of Ideal’s Production 
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Tru-Ohm Products, Div, of 
neering & Mfg., Inc., 

Ward Leonard Electric 
Mount Vernon, N. Y 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Ine., 614 Frelinghuysen 
Ave Newark 5, N. J. 


RESISTORS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8S. Second, Mil 
waukee 4, Wis 
Cutler-Hammer Inc., 
Milwaukee Wis. 
Daven Co 5 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J 

Erie Resistor Corp., Electronics Div., 
Pa 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N r 

Hardwick, Hindle, Inc., 
ark 5, N. J 

International Resistance Ce., 
Philadelphia 8 Pa 

Mallory & Co., Inc . 2B. 
6, Ind 

Ohmite Mfg. Co 
ni 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Tru-Ohm Products, Div 
neering & Mfg., Inc., 

Ward Leonard 
Mount 


Model Engi 
Chicago 18, Ill 
Co., 34 South 


1264 St. Paul Ave 


Erie 


40 Hermon, New 
401 N. Broad 
Indianapolis 


3613 Howard, Skokie 


of Model Engi 
Chicago 18, Tl 
Electric Co., 34 South 
Vernon, N 


RESOLVERS. See Servomechanisms 


RHEOSTATS, INSTRUMENT and RADIO 


Allen-Bradley Co., 1316 8S. Second, Mil 
waukee 4, Wis 

Amperite Co. Inc., 561 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Hardwick, Hindle, Inc, 40 Hermon, New 
ark 5, N 

Mallory & Co., Inc., P. R., 
6, Ind 

Ohmite Mfg. Co. 
ml 


Broadway, New 


Indianapolis 


3613 Howard, Skokie 
Rex Rheostat Co., Baldwin, L. 1., N. ¥ 

Tru-Ohm Products, Div. of Model Engi 
neering & Mfg., Inc., Chicago 18. I1! 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis 

General Electric Co., Apparatus Sales Div. 
Schenectady 5. N. Y. 

Hardwick Hindle Inc 40 
Newark 5, N. J 

National Electric Controller Co., 
Glenwood Ave., Chicago 26, Ill 

= Mfg. Co. 3613 Howard, Skokie 


Hermor 


7070 


Rex Rheostat Co., Baldwin, L. I1., N. Y¥ 
Superior Electric Co., 803 Middle, Bristol. 


Conn 

Tru-Obm Products, Div. of Model Engi 
neering & Mfg.. Inc., Chicago 18. Ml 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RINGS, COLLECTOR 


Baker & Co.. Inc., 118 Astor, Newark 5 
N. J. (Precious Metal) 

General Plate Div Metele & 
Corp 1909 Forest, Attleboro 
Precious Metal) 

Midwest Molding & Mfg. Co., Gurnee 96 


, J. M., P.O. Box 990, Hartford 1 


Electric Products Co., 1759 W 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut 
Owosso, Mich 

Wilson Co., H 


Controle 
Mass 


Nippert 


A., Route 22, Union, N.J 


RINGS, RETAINER and SNAP 


Associated Spring Corp., Bristol, Conn 

Garrett Co., Inc George K., Torrescdale 
Ave at Tolbut, Philadelphia 36. Pa 

National Lock Washer Co., 40 Hermon 
Newark 5, N. J 

Radio er Laboratories, Inc 
ton. N 

United States Gasket Co., Plastics Div. of 
The attest Packing Co., Camden 1 

Waldes Kohinoor, Inc 
Long Island City 1, N 


, Boon 


47-16 Austel PI 
as 


RIVETS. See Fasteners 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 
Jackson Blvd., Bellwood, II. 
Milford Rivet & Machine Co., Milford 


Conn. 
Thomson Mfg. Co 


Waltham 54, Mass 


9609 W 


Judson L., Dept. D 


ROLLER BEARINGS. See Bearings, Bal! 
and Roller 


RUBBER and RUBBER PRODUCTS 

Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave.. 
Chicago 23, Ill. (Silicone) 

Auburn Manufacturing Co., 306-I Stack. 
Middletown, Conn. 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

Enjay ey 4 15 West 5lst, New York 
9 

General Electric Co., 
Decatur, Ill 


Plastics Dept 


Goshen Rubber Co., Inc., P. O. Box 5i7, 
Goshen, Ind 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 

Parker Appliance Co., 17325 Buclid Ave., 
Cleveland 12, Ohio 

Phoenix Manufacturing Co., 
ucts Div., Joliet, Ill 

Raybestos-Manhattan, Inc., 
ucts Div Manheim, Pa 

Roth Rubber Co., 1860 8 
Chicago 50, Ill 


Rubber Prod 
Plastic Prod 


54th Ave., 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters. 


SCRAPER RINGS. See Rings 


and Snap 


Retainer 


DRIVERS, 
Portable 


SCREW PORTABLE. See 
Tool 


SCREW MACHINE PRODUCTS. See als 


Fibre *lastics 


Aluminum Co. of America 2241-3 <A 
oa Bldg Pittsburgh 19, Pa 

Chase Brass & Copper Co.. Sub of Ken. 
necott Copper Corp.. Waterbury 20, Conr 

Milford Rivet & Machine Co., Milford 
Conn 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement 
Insulating and Sealing; Waxes and Com 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div 
of General Ceramics Corp., 118 Liberty 
Stamford, Conn 

American Lava Corp., Chattanooga 5, Tenn 

Amphenol Electronics Corp., 1830 S. 45th 
Ave., Chicago 54, Ill 

Constantin & Co., L. L, 
N. J 

Electrical Industries, Div. of Phillips 
Electronics, Inec., 691 Central Ave 
Murray Hill, N. J. 

General Ceramics Corp., Dept. ME, Keas 
bey, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (Glass Bushings) 

Hermaseal Co., Inc., 1010 Main, Elkhart 
Ind. 

International Resistance Co., 401 N. Broad 
Philadelphia 8, Pa. 

Kearfott Co., Inc., 1378 Main Ave 
Clifton, N. J 

Phillips Control Corp., 59 W. Washington, 
Joliet, Ill 


Route 46, Lodi 


SEALS, MECHANICAL. (Rotary Shaft) 
Crane Packing Co., 6424 Oakton, Morton 


Grove, Ill . 
Garlock Packing Co., Palmyra, N. Y. 


SEALS, OIL and GREASE 


Gits Bros., Mfg. Co., 1840 8. Kilbourn 
Ave., Chicago 23, IIL 

Syntron Co., Homer City, Pa. 

United States Gasket Co., Plastics Div 
of a5 Garlock Packing Co., Camden 
1 2 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor 


SEMICONDUCTOR PRODUCTS. See Rec 
tifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS _ (Contreis, 
ehros, ete.) Also see Motors. 


Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Bristol Co., Waterbury 20, Conn. 

Dieh] Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer 
ville, N. J. 

Eclipse-Pioneer Div., Bendix 
Corp., Teterboro, N. J 

Helipot Corp., Div. of Reckman Instrv 
ments Inc 1943 Placentia, Costa 
Mesa. Calif 

Kearfott Co., Inc., 1878 Main Ave., Cilf 
ton, N. J 

Oster Manufacturmg Co., John, Avionie 
Div., Racine, Wis 

Servomechanisms, Inc., Div., 
17 Brooklyn Ave I 
a. 

Servospeed Co., Div. of Electro-Devices 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Transicoil] Corp., Worcester, Momgomers 
County. Pa. 


Syn- 


Aviation 


Mechatrol 
Westbury, L 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 
3. x. gd 


SHEAVES. See Drives, Beit. 


SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave., N. W.. 
Grand Rapids 2, Mich. 

Croname, Inc., 1769 Grace, 
Til 

Hoffmar 
Anoka 

Kirk & 
Forrer, 


Chicago 13, 


Engineering Corp., Dept. EM 
Minn. (Terminal and Pull Boxes 
Blum Manufacturing Co., 3122 
Cincinnati 9, Ohio. 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical. 


SHIELDING ELECTRONIC 


Metal Textile Corp., Roselle, N. J 
Metallic Strips, Gaskets, ete.) 


(Knitted 


ELECTRICAL MANUFACTURING 





Model #665 


Low Cost-Dependable 
TERMINAL BLOCKS 


. available in infinite patterns, shapes, sizes 
and terminal arrangements with choice of tu- 
bular, plate, stud or spade type terminal con- 
nectors. 


Economy—plus! Molded of low cost, UL ap- 
proved, Molex plastic which features low mois- 
ture absorption excellent dimensional 
stability and good dielectric strength. For de- 
pendable multiple circuit connections . . . use 
Molex! 


Enjoy standard unit economy designed to 
your custom requirements. Literature and 
quotation requests are invited. Write to— 
Dept. EM-97. 


MOLEX PRODUCTS CO, 


BROOKFIELD. ILLINOIS 
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EPOXIES and POLYESTERS 
can now be REMOVED 


from embedded components 


to replace or repair defective parts or 
to salvage valuable parts in embedded 
circuits by fully or partly removing 


the encapsulating resin with the 


NEW 
STRIPPER-SOLVENT "“MONASTRIP" 


MONASTRIP EP is now being used 
successfully by many leading electric, 
electronic and aircraft plants. No 
special equipment is needed. 


For details write to Chemical Division of 


MONA INDUSTRIES, INC. 


Paterson 17, New Jersey 
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NEW...SELF-INSULATED... 


CONNECTORS 
for liquid-tight flexible condvit 


45° ELBOW 90° ELBOW 


INTEGRAL INSULATION elimi- 
nates need for separate bushing. 


Connector far exceeds all UL 
requirements for continuity of 
ground, moisture seal and 
mechanical pullout. 


These easy-to-install connectors seal out all moisture, oil, corro- 
sive fluids . . . and provide positive insulation at the same time. 
Specially designed by T&B to accommodate all standard liquid- 
tight flexible metal conduit from %” to 4”, they require only a 
single wrench and need not be disassembled. Write for sample, 
and data on T&B’s complete line of liquid-tight connectors. 


THE THOMAS & BETTS CO., INC. 

28 Butler Street, Elizabeth 1, New Jersey 

Thomas & Betts Ltd., Montreal, P.Q., Canada 
Circle 398 on page 17 


PUT eae 


co JH Ue 


te BS oa 
aS a Perfect insulators for 


single or group wires, tubing, et 
Fe LA alae 
MM Leta I LIE ag eae ae 
NYLON + SARAN 
ETHYL CELLULOSE 
Withstand Temperatures of 
60 Below Zero to 250 F 


Hi ““SCREW-ON” 
WIRE CONNECTORS 


BAKELITE + PORCELAIN 
SET-SCREW 


Keep your pro- 
duction rolling 


impervious to 


by atmospher conditions 


MILLIONS IN USE! 


“Hi-SPEED” WIRE STRIPPER 
Fully Automatic 


Delayed return action prevents 

crushing of fine stranded or 

solid wire. Single squeeze 
operation ... easy grip, razor 

with fast, sure sharp adjustable blades. 

NE wr Hi-O v STRIPS FASTER, CLEANER, BETTER! 


“LOK-ONS" 
Rea MERRM MAIL TODAY FOR 1957 “Hi CATALOG 


On"’ Bakelite 
Connectors, ex- | 

elusive locking | NAMEW........_._.__...... 
insert... for 
small housings. 


att 
gprs FIR 
STREET 


ee 


lO] R UM eat Le 


445ELM STREET @ SYCAMORE, ILLINOIS 
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Positive, audible, snap-ac- 
tion mechanism with double- 
break contacts. 


Smaller than most 1/ amp. 
non-snap switches 


l-piece silvered terminals 


and contacts 

Shielded against dust and 
moisture. 

Types wire 


leads 


with lugs or 6” 


Normally-open or normally- 
closed SP-ST contacts. 


Full details in Data Sheet S-4 


B-SERIES 
Push-Button Switches 


Delmar Drive, Folcroft, Pa. 
Circle 400 on page 17 





RE-applicati 
most uses don’t require it, but if you 
need it 5 times...10 times...15 times, 


the M*F TWO-WAY LOCK NUT 
IS YOUR LOW-COST ANSWER! 


DOUBLE CHAMFERED 
LOCK NUT 


You owe it to your product and to your production 
manager to find out about the LOCK NUT THAT 
DELIVERS: 1. Reapplication. 2. Automated application 
without selective devices. 3. Locking power without 
using all threads. 4. Consistent torque —no “spins,” no 
“sticks” no line hold-up. 5. Low cost! 


SEND FOR FREE CATALOG. The M-F line includes off- 
the-shelf-sizes in all semi-finished hexagon nuts, all types 
of all metal lock nuts, weld nuts and the M-F UNI-TORQUE 


LOCK NuT. All specifications, torque tests etc., included. 
Yours for the asking: 


MAC LEAN-FOGG tock nur Company 


5535 NORTH WOLCOTT AVENUE, Chicago 40, Illinois 
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SHIELDS, ELECTRON TUBE 
International Electronic Research Corp.. 
145 W. Magnolia, Burbank, Calif. 
Magnetic Metals Co., Hayes Ave, at 


2lst, Camden, N. J 
Magnetics, Inc., Box 391, Butler, Pa 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 36 8. 
Wabash Ave., Chicago 3, Ill. 


SIGNAL DEVICES 

Crouse-Hinds Co., Syrecme Le s. 

Pyle-National Co., 1388 N, Kostner Ave., 
Chicago 51, IIL 

Wheelock Signals, Inc., 278 Branchpert 
Ave., Long Branch, N. J. 


SIGNAL 


LIGHT ASSEMBLIES. See 
Lights, 


Pilot and Indicator. 


SILICON DIODES. See Transistors and 
Crystai Diodes. 


SILICONES 

Auburn Manufacturing Co., 306-I Stack, 
Middletown, Conn. 

Continental- Diamond , A Sub. of The 
Budd Co, Newark 13, Del. 

ee Corning Corp., Midland, Mich. 
Formica Corp., Sub. of American Cy- 
anamid, 4521-7 Spring Grove Ave., Cin- 


cinnati 32, Ohio 
General Electrie Co., a Products 
565 W. 


Dept., Waterford, N . 
Insulation Manufacturers Corp., 
Washington Blvd., Chicago 6, Ml. 
National \eeentens Fibre Co., Wilming- 
+s20t Randolph Ave., Wood- 


Taylor Fibre Co., Norristown, Pa. 
Union Carbide Corp., Silicones er. 420 
Lexington Ave., New York 17, N. ¥. 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver. 


cae S Co., Inc., 113 Astor, Newark 5. 
Brainin Co., C. S., 318 Washington, Mt. 
Vernon, N. ¥ 


Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Ill. 

Fansteel Metallurgical Corp.. North Chi- 
cago, Til 

General Plate Div. Metals and Controls 
Corp. 1909 Forest, Attleboro, Mass. 

went. J ean 82 Fulton, New York 


> Co., Inc., P. R., Indianapolis 
I 

Ney aa J. M., P.O. Box 990, Hartfosd 1, 
Wilson. Co., H. A., Route 22, Union, N. J. 


SLEEVE BEARINGS. See Bearings and 
Bushings. 


SLEEVING, SATURATED. See Tubing 
and Sleeving. Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 

Insulation Manufacturers Corp., 565 W. 
Washington Blivd., Chicago 6, Ill. 

ae een Box 14, ew York 16, 
N 


Raybestos-Manhattan, Inc.. Plastic Prod- 
ucts Div.. Manheim, Pa. 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Inc.. Boon- 
ton, N. J. 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co.. Hoboken, N. J. 


SLIP RINGS. See Rings, Collector. 


SLOT INSULATION. See Fabrics, Insulat- 
ing; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric. 


SLOT PEGGING MACHINES, 
ARMATURE 

Chapman Electrical Works, P. E., 1820 
Chouteau Ave., St. Louis 3, Mo. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


socket sonew KEYS and 
WRENCHE 

Allen ims Co., 133 Sheldoa, 
Hartford 5, Conn 

Bristol Co., Socket Screw Div., 
bury 20, Conn 

Standard Pressed Steel Co.. Jenkintown 9. 
Pa. 


Water- 


SOCKETS and ADAPTERS, RADIO. See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 


Alcor Manufacturing Co., 4444 W. 
Roosevelt Rd Chicago 24, Ill, 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne. Hartford 6. Conn. 
Automatic Electric Sales Corp., North- 


lake Til 

Circle F Mfg. Co., Trenton 4, N. J. 

onan orn, 44 Stewart Ave.. Brook- 
yn 37 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., nr Mate- 
rials Div., Bridgeport 2, Conn. 

Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y. 

—— States Gasket @o.. Plastics Diy. 

of ws Garlock Packing Co., Camden 1, 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auriliaries. 


SOCKETS, VACUUM TUBE 
Amphenol Electronics Corp., 1886 8S. 54th 


Ave., Chicago 54, Ill. 
rp. 3“ America, Clifton Blvd. 


a, Co 
United States Gasket Co.. Plastics Div. 
: > Garlock Packing Co.. Camden 1. 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Saits, ote.) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Essex Wire Corp., Wire and Cable Div.. 


Fort Wayne. Ind. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, ¥. 

Handy & Harman, 82 Fulton, New York 

Kester Solder Co., 4209 Wrightwood Ave.. 
Chicago 39, Ill. 

London Chemical Co., Inc., 1537 MNerth 
Sist Ave., Melrose Park, Tl. 


National Lead (Co.. 111 Broadway, New 
York 6, N. Y. 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 


General Electric Co., govesatas Sales Div.. 


Schenectady 5, N. Y. 
Ideal industries. Inc., 1008 Park Ave.. 


Sycamore, Ill. 
Vulcan Electric Co., Danvers 2, Mass. 


SOLDERLESS CogneeTons. See Cea- 
nectors, Wire and Cab 


SOLDER PRE-FORMS. See alse Brazing 
Alloys, Silver. 


ae f yume. 82 Fulton, New York 


Kester Solder Co., 4209 Wrightwoed Ave. 
Chicago 39. IIL 


SOLDER. SELF-FLUXING 
For Silver Solders see Brazing Alleys. 


Kester Solder Co., 4209 Wrightweod Ave.. 
Chicago 39, Ill 

London Chemical Co., 1537 N. 3lst Ave., 
Melrose Park, Ill. 

National Lead Co.. 111 Broadway. New 

York 6, N. Y. 


SOLENOIDS 


Allen-Bradley Co., 1816 8. Second, Mil- 
waukee 4, Wis 

Anderson Gontrols, Inc.. 2777 Mannheim 
Rd., Des Plaines, Il. 

Se Electric Sales Corp., North- 
lake ll 

Automatic Switch Co.. eat M Hanover Ra... 
Florham Park. N. 

Cannon Electric Co., dene. 500. 3209 Hum- 
boldt, Los Angeles 31, if. 
Comar Electric Co., 3349 W. Addison. 

Chicago 18, Ill 
Controls Co, of America, 9551 Soreng 
Ave., Schiller Park, Ill. 
Cutler-Hammer, ae. 1264 St. Paul Ave., 


Milwaukee 1. 
Mais Hilton Rd., Detroit 


Detroit Coil Ce., 
20. Mich 
Dormeyer Industries, 3414 Milwaukee Ave.. 
Chicago 
Genera! Electric Co. 
Schenectady 5, N. 
Guardian Electric, 1627-K W. 
Chicago 12, Il. 
Leach Relay Div., Leach Corp.. 5915 Ava- 
, Los Angeles 3, Calif. 
. G. H., 123 Webster, Daytes 


2, 
McQuay- Norris ey Co., 28223 
Marconi, St. Louis 10, Mo. 
. 1258 Clybourn Ave., Chi- 
cago 10, 


a Gontrot Corp., 59 W. Washingtes. 

oliet, 

R-B-M “Control” Div., Essex Wire Cerp.. 
Logansport, Ind. 

Trombetta Solenoid Corp., maa N. Mil- 
waukee, Milwaukee Le 

Westinghouse Electri 


Gateway 
Center, Bldg. No. 3. or ‘Liberty Ave.. 
Pittsburgh 22, Pa. 


Apparatus Sales Div.. 
Y 
Walnut 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 
Allis-Chalmers, Milwaukee 1, Wis 
Bowmar Instrument Corp., 2415 Pennsy! 
vania Ave.. Ft. Wayne, Ind. 
Copter Electric Co., 1806 Pine. St. Louts 


Eaton Mfg. Co., Dynamatic Div., 38307 
Fourteenth Ave., Kenosha, Wis. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. ¥ 

—— Electric Mfg. Co., Morton Grove 
1 


Reeves Pulley Co.. Columbus. Ind. 


SPRINGS, COIL and FLAT 


Accurate Spring Mfg. Co., 8817 W. Lake. 
Chicago 24, IL 

American Spring and =, Specialty Ce. 
816 N. . Chicago Le nil 

American Steel & U Steel 
Corp., Reckefeller Bidg., "Vanend 18 


Ohio 
Associated Spring Corp., Bristol, Conn. 
Barnes .. Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 
Barnes-Gibson-Raymond, Div. Associated 
Spring Corp.. 40300 Plymouth Rd. 
Plymouth, Mich. 


ELECTRICAL MANUFACTURING 





FULLY AUTOMATIC FORT WAYNE 
TOR WINDER 


@ Winds Up To 150 Stators Per Hour 
@ Winds 2, 4, 6 and 8-Pole Stators 
@ Stack Heights to 3" max.—Diameters to 6" O.D. 


Two types of machines available:—Simultaneous type—capable 
of winding up to 8 poles at one time. Tap pullers can be added 
for two and three-speed windings. Indexing type—capable of 
winding series-wound stators or stators for split-phase motors. 
The single-winding needle setup eliminates all interpole connec- 
tions. The multi-needle setup decreases the number of interpole 
connections. 


Standard models wind wire from 19-gauge to 36-gauge at speeds 
ranging from 300 to 600 turns per minute. Heavy-duty models 
wind wire from 14-gauge to 18-gauge at speeds ranging from 
150 to 350 turns per minute. 

Automatic lead cut-off serves as lead anchor in starting next 


stator. One operator can handle multiple machines. Cycle is 
automatically repetitive. 


Write for complete data or, if convenient, arrange to call at 
our plant where a machine is always available for demonstration. 
PATENTS ! 


PENDING = 
S 5 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1025 GOSHEN ROAD, FORT WAYNE . INDIANA, U.S.A. 
Circle 402 on page 17 


yo 
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Fa NT aE TL 
MERCURY PLUNGER RELAYS 


For all loads up to 60 AMPS or 5 HP. 


rE 


TRANSPORTATION RADIO BROADCASTS as | FREE 

3 FACT FILE 
ZENITH program timers = 
| | 


and 30 day 
Signal bells, buzzers, lights, etc. are dependably ‘apdiemnene 
controlled with ZENITH units —proved in count- 
less applications. Synchronous motor for accu- 
racy...5-minute intervals in any 24-hour schedule 

...easily changed...calendar cutout option- “. Be RAO “gol o en a ee 
al. Write for bulletin. See Classified Phone ? Me ee eae ae pare 
Directory for Name of Local Distributor. /= | 


ee eee = EBERT ELECTRONICS CORP 
ZENITH ELECTRIC ory | 


152 W. WALTON ST. CHICAGO 10, ILL. 212-05 Jamaica Ave., Queens Village 28, N. Y. 


PL La PIE TA ld Pad 


Solves your relay problems once and for all 
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Mt aaa LL 
assures Maximum Stability in 


AMPERITE 


RELAYS and REGULATORS 


ST SiMe Gye Mem UCKIan ener) 





Thermostatic 


DELAY RELAYS 


2 to 180 Seconds 


@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


@ Hermetically sealed Not af- 
fected by altitude, moisture, 
or other climate changes. 


@ Circuits: SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —55° to +70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are most 





MINIATURE 


STANDARD 


compact, rugged, explosion-proof, long- 
PROBLEM? Send for lived, and — very inexpensive! 
" TYPES: Standard Radio Octal, and 9-Pin 
Bulletin No. TR-81 Miniature. 


Also — Amperite Differential Relays: Used for auto- 
matic overload, under-voltage or under-current protection. 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circuit 
ovtomatically regulated at a definite value (for example, 0.5 amp.) 

. For currents of 60 ma. to 5S amps. Operate on A.C. D.C.. Pul- 
1. sating Current. 















Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY 6 CHARGER } VOLTAGE VARIES 
VARIES APPROX 4 ONLY 


90% : 2% 


Te 
Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


in Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 


wa 
Oo 
< 
te 
a 
° 
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Individual inspection 
and double-checking 
assures top quality 

of Amperite products. 
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Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Ill 

Dunbar Bros. Co., Div. Associated Sprins 
Corp Bristol, Conn 

Garrett Cx Ir George K Torresdale 
Ave at Tolbut Philadelphia 36 Pa 

Gibson Co., William V., Div. Associateu 
Spring Corp., 1800 Clybourn Ave., Chi 


cago 14. Til 

Gibson Electric Co Old Wm Penn 
Highway Delmont a 

Hunter Spring Co., 22 Spring Ave., Lans 
dale, Pa 

Instrument Specialties Co., Inc., 244 Ber 
gen Blvd Little Falls, N. J. (Beryl 


lium, Copper) 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave.. Chicago 47, Ill 

Ohio Div., Associated Spring Corp.. 1712 
E. list, Dayton, Ohio 

Raymond Mfg. Co.. Div. Associated Spring 
Corp., Corry, Pa 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades 


STAMPINGS. METAL 


Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ill 

Aluminum Goods Manufacturing Co.. Man 
itowoc, Wis 

American Spring and Wire Specialty Co. 
816 N. Spaulding Ave., Chicago 51. Ill 

Auburn Manufacturing Co., 306-I Stack 
Middletown, Conn 

Barnes Co., Wallace, Div. 
Spring Corp.. Bristol. Conn. 

Barnes-Gibsen-Raymond Div. Associated 
Spring Corp., 40300 Plymouth Rd., Ply- 
mouth. Mich. 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn. 

Deringer Metallurgical Corp., 8119 Monti- 
cello Ave., Skokie, Ill 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Ill. 

Dunbar Bros. Co.. Div. Associated Spring 
Corp., Bristol, Conn 

aapeeing Co., 27 Wright, Newark 5 


Associated 


_— Resistor Corp., Electronics Div., Erie. 

*a. 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co.. Erie. Pa. 

Garrett, ¢ In George K., Torres 
dale Ave. at Tolbut, Philadelphia 3¢ 
Pa 

Gibson Co., Willlam D., Div. Associated 
Spring Corp., 1800 Clybourn Ave.. Chi- 
cago 4, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J 

fiseo Corp Dept F-8 4730 Madisor 
Ra Cincinnati 27, Ohio 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9. Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave.. Chicago 47, TL 

Malco Tool and Manufacturing Co.. 4021 
W. Lake, Chicago 24, ML. 

Mohawk Mfg. Co., Middletown. Conn 
(Threaded) 

Ohio Div., Associated Spring Corp.. 1712 
East First, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp.. Corry, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave.. New York 17, N. Y. 

Shakeproof Div. of Tlinois Tool Works. 
St. Charles Rd., Elgin, Ml. 

Sylvania Electric Products. Inc.. 1740 
Broadway, New York 19. N. Y. 

United-Carr Fastener Corp.. Cambridge 
42, Mass. 

Wenco Mfg. Co., 
cago 22. Til 

Winzeler Manufacturing and Tool Co., 1712 
W. Arcade Place, Chicago 12, Ill 


1136 West Hubbard. Chi- 


STAMPINGS, NON-METALLIC 

Auburn Manufacturing Co.. 306-I Stack 
Middletown. Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc.. Newark 13, Del. 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. Y, 

Fryling Mfg. Co.. Erie, Pa 

= Co., 2799 Lake, Melrose Park 
ih 

Stahlin Brothers Fibre Works, Inc.. Dept 
E. Belding, Mich. 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. See 
Motor; Push Button Stations 


STEATITE. See Ceramics 


Controllers. 


STEEL (Commercial Forms and Grades) 


Alloy (*®) 
Bars (B) 
Carbon (C) 
Coated (D) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (O) 
Sheets and Strips (8) 
Tubing (T) 


(See also Steel, Electrical) 


Acme-Newport Steel Corp., Newport, Ky. 
(ADES) 


Allegheny Ludlum Steel Corp., Oliver 
Bidg.. Pittsburgh 22. Pa. (NS) 
American Steel & Wire Div., U. 8. Steel 


Corp., Rockefeller Bidg.. Cleveland 13. 
Ohio (NS) 

Barnes Co., Wallace. Div. Associated 
Spring Corp., Bristol, Conn. (S-CO) 
(Spring) 

Chase Brass & Copper Co., Sub. of Ken- 
— Copper Corp., Waterbury 20, Conn. 
{ ) 

Columbia-Geneva Steel Div. U. S. Steel 
Corp., San Francisco, Calif 


Crucible Steel Co. of America, Chamber 
of Commerce Bldg., Pittsburgh 19. Pa 
(ABCNS) 

Driver Co., Wilbur B., 1875 Me Carter 
Highway, Newark, N. J. (Stainless Stee! 
Wire) 

National Tube Div., U. 8. Steel Corp 
Pittsburgh, Pa. 

Penn Precision Products, Ine., 501 Cres 


cent Ave., Reading, Pa. (NS) 

Revere Copper and Brass, In 230 Park 
Ave., New York 17, N. Y¥. (T) 

Ryerson & Son, Inc Joseph T., Chicag 
80, Il. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa ABCD 
ENST) 

Superior Tube Co., Norristown, Pa. (AC 
NT) 

Tennessee Coal & Iron Div., U. S. Steel 


Corp., Fairfield, Ala 
U. S. Steel Corp., 525 William Penn P1., 
Pittsburgh 30, F (S-ACDN) (T-ACN 
Washington Steel Corp., 4-BB Woodland 
Ave., Washington, Pa. (NS) 








STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., Newport. Ky 

Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pa 

Sharon Steel Corp.. Sharon, Pa 

U. 8S. Steel Corp., 525 William Penn P! 
Pittsburgh 30, Pa 


STRAIN RELIEFS. See Grips and Clamps 
Strain Relief 


STRIPPERS, WIRE 


Acme Wire Machine Co 
York 9, N. ¥ 

Artos Engineering Co., 2737 S. 28th. Mil 
waukee 7, Wis. 

Holub Industries, Inc., 445 Elm, Syca 
more, Ill. 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, III 

London Chemical Co., Inc., 1537 N. 31st 
Ave., Melrose Park, Ill 

Wenco Mfg. Co., 1136 West Hubbard 
Chicago 22, Ill 


. 234 E. 3rd, New 


STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP Incorporated, 2100 Paxton, Harris 
burg. Pa 

Alcor Manufacturing Co., 4444 W. Roose- 
velt Road, Chicago 24, Ill 

American Lava Corp., Chattanooga 5, Tenn 

Audio Development Co., 2836 13th Ave., 
South, Minneapolis 7, Minn 

Buchanan Electrical Products Corp., 225 
Rte. 22. Hillside, N. J 

Burndy Corp., Omaton Div., 
Conn. 

Cambridge Thermionic Corp., 453 Concord 
Ave. Cambridge 38, Mass 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Dimco-Gray Co., 210 E. 6th, Dayton 2. 
Ohio 

Federal Telephone and Radio Coe., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Iiseo Corp., Dept F-8 4730 Madisor 
Rd Cincinnati 23, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp 
Chicago 24, Il. 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis 

Molex Products Co., Brookfield, Ill 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J 

Rex Rheostat Co., Baldwin, L. L., N.Y. 

Stromberg-Carlson, A Div. of General Dy- 
ee 117 Carlson Rd., Rochester 
ay ae: he 

Thomas & Betts Co., Inc., 28 Butler. 
Elizabeth 1, N. J 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1. 
N. J. 


Norwalk. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (Cc) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (Q@) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (oO) 
Snap (Toggle, Slide, 
Rotary) (P) 
Remote Control (R) 
Selector (8) 
Through-Card (Snap) (T) 
Coaxial (U) 
Motor Speed Control (Vv) 
Rotary (w) 
Coin (xX) 
Push Button (Y) 


See also Circuit Breakers; Push Button 
Stations; Controllers, Motor; Relays: 
Timers. 


AEMCO. Inc., 50 State, Mankato, Minn. 


(GR) 
Adams & Westlake Co., Elkhart. Ind. 
4444 W. Roose- 


Alcor Manufacturing Co 
velt Road, Chicago 24, Il. (KPWY 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. (ACEFJPR) 

Allied Control Co.. Inc., 2 Bast End Ave.. 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis. (RS) 

Anderson Controls, Inc.. 2777 Mannheim 
Rd., Des Plaines, IIL 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. (ACDHK 
MPRT) 
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FHP motors... engineered 






DIMCO-GRAY Stock plastic 
AUS Lak 


especially 
for your 
product 





The new RAE M-20 or M-100 Motor. Ven 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting 
Ball or sleeve bearings. Can be used with 
any of RAE’s gear units 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt oO t ors 
Max. H. P. — 1/30 Continuous m r 


Weight — Approx. 2 Ibs 





RAE engineers are recognized specialists in solving 


oe } 1 difficult FHP motor applications. By careful analysis 
We cee N 0 TO 0 L k g > and testing of your product, they can save you time 
* 


and money in selecting the right motor 


‘@e\ _— 5 RAE offers outstanding service and quality in a 
Or aerPat Wide selection of stock knobs, handles large variety of motors. Available in voltages up to 
| : : . 250, and up to 1/6 H.P. (higher for intermittent 
eqee =a and plastic parts available without tool- duty) with many gearhead motor combinations 
Goeee™- ing cost to you! Many minor changes, Find out how RAE motors can improve your prod- 
‘ . ‘ uct and reduce costs as they are doing for other 
(color, design, inserts, threads, special leading manufacturers 
; : materials, etc.) can be made to meet your *Send for the ‘‘RAE’’ Engineering Data Sheet. It will help you 
Cais hin canes 7 supply the data necessary for recommendations and prices. 
: requirements. 


WRITE FOR THIS 
COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


210 EAST SIXTH STREET — DAYTON 2, OHIO 


AC/DC Universal * DC Shunt Wound « 


DC Series Wound * Gear Reduction 

a@ MOTOR CORP Motors * Governor Controlled Motors * 

z Motors for Rheostat Control * Motors for 

2009 Kewaunee Street Electronic Control * Permanent Magnet 
telat Oe reali) Motors and Gearmotors 





Circle 406 on page 17 


Circle 408 on page 17 


Short Run 


[KG 6O)8 FIRST | rinted QE 








Etched Buss 
Bars (Two Side 

Panel) for selec- 
tive interconnection 


Cy mt eel metre 
UU Me -  d-Tee tid 
Re UMM la-l lait -1i) tooling, 


45,1 O7 Advertisements 


describe the products of 


Methode's SPECIAL CIRCUIT DEPARTMENT offers a service 
especially geared to rapid handling of these requirements. Parts 
may be purchased completely fabricated from temporary 
tooling or with circuitry only (for model shop drilling, routing 
and sawing at considerable savings). Many products can 
benefit from the uniformity, simplicity and economy of printed 
circuits. Engineering of a printed wiring panel may be 
much easier and faster than you think. 


11,859 Advertisers 


Write for booklet of complete design information: 
“Printed Circuit Handbook" 
Address: Manager, Special Circuit Dept. 


METHODE Mfg. Corp. 


7447 W. Wilson Ave., Chicago 31, Ill. 
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BALANCED 
SINGLE KNOB 


STEPLESS CONTROLLED 
PLATING RECTIFIERS 


GERMANIUM i SS 


SELENIUM 


SILICON 
RECTIFIERS 


with 






“Finger-Tip” Control Pone! 10° 210 «oO 


REACTRON MODIMATIC CONTROLS 


@ STABILIZED OUTPUT VOLTAGE 


@ SMALL OPERATOR'S PANEL MOUNTS 
ANYWHERE 


@ NO FLOOR SPACE 

@ SMALL INTERCONNECTING WIRES 
@ “FINGER-TIP” CONTROL 

@ NO MOVING PARTS 

@ LOW MAINTENANCE 


Controls all phases 
simultaneously — 

Avoids possibility of damaging 
germanium junctions. 


The Ther REACTRON MODIMATIC CONTROL gives you instantaneous, perfect, 
stepless control of plating voltage. Stabilized output produces better plating. 
Single control knob controls all phases simultaneously...No possibility of damag- 
ing germanium junctions by improper setting of 22 or 44 position tap switches. 

The miniature operator's control panel furnished with all MODIMATIC CON- 
TROLLED rectifiers gives you “‘finger-tip" control where you want it. Can be 
mounted right at the plating tank — Requires no floor space — Measures only 
10" x 18° x 6°—needs only #14 wires to control panel. 







WRITE TODAY for technical study showing the advantages of Reactron VS. 
tap switch or motor driven variable outo-transformer controls. 


— It's THER. ..Whatever your D-C Requirement 


THER ELectRIC & MACHINE WORKS 


ESTABLISHED 1915 
11A SOUTH JEFFERSON ST . 





CHICAGO 6, ILLINOIS 


Circle 410 on page 17 


PRICE 


bi 


F.O.B 
NEW YORK 





@ HIGH ACCURACY 
® MEASURES FROM 0 TO 360 DEGREES 


@ READINGS NOT AFFECTED BY NOISE AND 
HARMONICS 

© PHASE SHIFTS OF THE ORDER OF .01° CAN 
BE MEASURED EMPLOYING SPECIAL CIRCUIT 
TECHNIQUES 

@ MEASURES IN-PHASE AND QUADRATURE 
COMPONENTS SEPARATELY 


For further information contact your nearest 
representative or write for brochure 


INDUSTRIAL TEST EQUIPMENT CO. 
55 E. 11th ST. - NEW YORK 3 - GR. 3-4684 
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Automatic Electric Sales Corp., Northlake, 
Ill, (BCDGHLNRSTVW) 
Automatic Switch Co., 50-M 


Hanover Rd.. 
Florham Park, N. J. 


(CHR) 


Automatic Timing & Controls, Inc Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa. 

Bristol Co., Waterbury 20, Conn. (ADEF 
GJPRS) 

Centralab Div. of Globe-Union Inc 914 
EB. Keefe Ave., Milwaukee 1, Wis 
(NSW) 

Circle F Mfg. Co., Trenton 4, N. J 
(KPWY) 

Cissell Mfg. Co., Inc.. W. M. 831_8 
a P. 0. Box 1143, Louisville, Ky 

Clare & Co, C. P., 3101 Pratt Blvd. 
Chicago 45, Ill. (SW) 

Clark Controller Co., 1146 E. 152nd. Cleve- 
land 10, Ohio (C) 

Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill. (N) 

Controls Co of America, 9551 Soreng 


Ave., Schiller Park, Ill. (ABELPS 


Cramer Controls Corp., Box 8, Center- 
brook. Conn. (G) 

Crouse-Hinds Co.. Syracuse 1, N. Y 
(DPSV) 

Curtiss-Wright Corp., Carlstadt, N. J. (F) 

Cutler-Hammer, Inc.. 1264 St. Paul Ave.. 
Milwaukee 1. Wis. (EGLPW) 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. (8S) 


Detroit Controls Corp., Div. of American- 


Standard, 5900 Trumbull Ave., Detroit 
8. Mich. (P) 

Dimco-Gray Co., 210 E. 6th, Dayton 2 
Ohio (G) 

Durakool. Inc.. Elkhart, Ind. (D) 

Fagle Signal Corp., 202 20th, Moline, Ill 
(G) 

Edison Industries, Thomas A., Instrument 
Div.. MrGraw-Fadison Co., Roseland. 
N. J. (FG) 

me McCullough, Inc.. San Bruno, Calif 
(J) 


Electro-Snap Switch and Mfg. Co. 4228 


W. Lake, Chicago 24, Ill (BNOPSVWY 

Electro Switch Corp., Weymouth 88, Mass 
(sw) 

Fasco Industries, Inc., Rochester 2, N. Y¥ 
(EJO) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 10@ Kingsland Rd., Clifton. N. J 
(NS) 

Fenwal, In 19 Pleasant, Ashland, Mass 
(F) 


Furnas Electric Co 
ll. (ABCEFLO) 

G-V Controls. Inc., 8 Hollywood Plaza 
East Orange, N. J. (FG) 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. (8) 

General Electric Co., Apparatus Sales Div 


1024 McKee, Batavia 


Schenectady 5, N. Y. (ABCDEFGHIJK 
MNOPRSTUVWY) 

Guardian Electric, 1627-K W. Walnut, 
Chicago 12, Till. (CFGHN) 


Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mfg. Co., Inc., 2527 Elm, Tor- 


rington, Conn. (G) 


Heinemann Electric Co.. 99 Plum, Tren- 
ton 2, N. J. (0) 

Hetherington, Inc 1200 Elmwood Ave. 
Sharon Hill, Pa. (P) 

Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Til. (8S) (Cross- 
bar) 

Lakewood Controls Corp., 264 E. Prairie 
Crystai Lake, Tl 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif 

Leland. Inc., G. H., 123 Webster. Dayton 
2. Ohio 

Littelfuse, Des Plaines, Tl. 

Lux Clock Manufacturing Co., Inc., Water- 
bury 20. Conn. (G) 


McQuay-Norris Manufacturing Co., 2322 


Marconi. St. Louis 10, Mo. (EJ) 

Mallory & Co., Inc.. P. R.. Indianapolis 
6. Ind. (GNPSWY) 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41. Tll. (ABCDEF) 

Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport. Ill 
(BDFLSW) 

Oak Mfg. Co., 1258 Clybourn Ave.. Chi- 
cago 10, Ill. (NWZ) 

Ohmite Mfg. Co.. 3613 Howard, Skokie 
Tl. (NS) 


Pass & Seymour. Inc 
racuse 9. N. Y. 


Pyle-National Co., 


Solvay Station, Sy- 


1388 N, Kostner Ave., 


Chicago 51, I8 

R-B-M “‘Control’’ Div., Essex Wire Corp., 
Logansport, Ind 

Robertshaw-Fulton Controls Co., Acro Div 
Columbus 16, Ohio (B) 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3609 Forest, Attleboro 
Mass. (EF) 

Square D Co.. 4041 N. Richards. Milwau- 
kee 12, Wis. (ABCEFLOPR) 


Stackpole Carbon Co., St. Marys, Pa. (P) 
Stromberg-Carlson, A Div. of General Dy- 


ey ous. 117 Carlson Rd., Rochester 

Switchcraft. Inc.,. 1328 N. Halsted. Chicago 
22, Ml. (N) 

Ther Electric & Machine Works, 11A S 
Jefferson, Chicago 6, Til. (8) 

Torq Engineered Products, Inc., 34 W. 


Monroe, Bedford, Ohio (V) 


Unimax Switch Div., The W. L. Maxson 


Corp.. Ives Rd.. Wallingford, Conn. (D) 
Ward Leonard Electric Co., 34 South 
Mount Vernon, N.Y. (CGHOR) 
Westinghouse Electric .. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa. (ABCDEFGHLOPS) 
Zenith Electric Co., 152 W. Walton, Chi- 
eago 10, Til (HR) 
SYNCHROS. See Serromechanisms 


TACHOMETERS 
Bristol Co., Waterbury 20, Conn. 


General Electric Co., Apparatus Sales Div., 
Schenectady 5. N. Y. 

Ideal a Inc., 1008 Park Ave.. 
Sycamore, ° 

Reliance Electric & Engineering Co., 24701 
Buclid Ave., Cleveland 17, Ohio 

Weston Electrical Instrument “Corp., A Sub. 


of Daystrom, Inc., 614 Frelinghuyses 
Ave., Newark 5, N. J. 


TAGS, TERMINAL 


National Band & Tag Co., P. 
9-254, Newport Ky. 

Natvar Corp., 207 Randolph Ave.. 
bridge, N. J. 


0. Box 
Wood- 


TANTALUM 


Fansteel Metallurgical 
cago, 
Mallory & Co., 
Ind. 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 
caster, Pa 

Dennison Manufacturing Co., 300 Howard 
Framingham, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd.. Chicago 6, IIL 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Til. 


Corp., North Chi- 


Inc., P. R., Indianapolis 


7009 Ingersol, Lan 


Kendall Co., Polyken Sales Div., 309 W 
Jackson Blvd., Chicago 6, Ml. 
Minnesota Mining & Mfg. Co., Electrical 


Products Div., 900 Fauquier Ave. St. 
Paul 6, Minn. 
Permace! Tape Corp., 


New Brunswick, N 


TAPE. FRICTION and SPLICE 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6. Il 
Irvington Div., Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J. 
Box 14, 


Johns- Manville, 
an. = 
Dutch Brand Products 
Chicago 19, Ill 
309 W 


State Highway 25 


New York 16 


Johns- Manville 
7800 Woodlawn Ave. 

Kendall Co., Polyken Sales Div., 
Jackson Bivd., Chicago 6, Til 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave.. St 
Paw 6, Minn 


TAPE. INSULATING. See Fabrics, In- 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING. See 
Magnetic Recorder Components. 

TAPE. MICA. See Mica. 

TAPE and SHEETING, SYNTHETIC 
RESIN 

Borden Co., Resinite Dept., Santa Barbara 
Calif. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 18, Del 

du Pont de Nemours & Co. (Inc.), E I ‘ 
Plastics Div., Polychemicals Dept., Wil 
mington 98, Del. 

General Electric Co., Chemical Develep 
ment Dept.. Pittsfield. Mass 

Insulation Manufacturers Corp., 565 W 


Washington Blvd., Chicage 6. Ill 
Irvington Div., Minnesota Mining & Manu 
facturing Co., 9 Argyle Terrace, Irving 
ton 11, N 
Kendall Co.. Polyken Sales Div., 
Jackson Blvd Chicago 6, Ill 
Minnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Paul 6, Minn 
Natvar Corp., 207 
bridge. N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept Woodbridge, N. J 
Raybestos-Manhattan Inc., Plastic Prod 

ducts Div Manheim, Pa. 

Shamban & Co., W. S._ 11617. W. Jef 
ferson Blvd Culver City, Calif. 
United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1 

Mm. Se 


309 W 


Electrical 
Ave., St 
Woo 


Randolph Ave 


TAPES, MEASURING 
Keuffel & Esser Co., Hoboken, N. J 


TELEPHONES 


Crouse-Hinds Co.. Syracuse 1. N. ¥ 
Kellogg Switchboard and Supply Co., 74 
Ww Monroe, Chicago 3, Ill 
National Pneumatic Co. Inc., 
Cabot Div., 125 Amory, 

Mass 
Stromberg-Carlson, A 

Dynamics Corp., 117 

chester 3, N. Y 


Holtzer 
Boston 19 


Div of General 
Carlson Rd., Ro- 


TEMPERATURE CONTROLS. See Con- 
trols, Pressure and Temperature; Relays 
Switches; Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips. 


TERMINALS. 


TESTING CHAMBERS. 
Test. 


TESTING INSTRUMENTS. See Instru- 
ments. Also Tools. Portable. 


THERMAL SWITCHES. See Switches 


THERMISTORS 


Generai Electric Co., Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De- 
troit 32. Mich. 


See Lugs and Terminals 


See Chambers, 


ELECTRICAL MANUFACTURING 
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More than 3500 variations of 275 Stock Mold Parts 








MAKE YOUR PRODUCT 
DISTINCTIVE @ ao extra covt 


For diversity in standard parts 
of thermosetting materials 
(phenolic and urea) in all grades 


of heat and impact resistance, 

















leading manufacturers in every 
phase of business rely on Harry 
Davies Molding Company to 
provide the most economical, 
varied, and distinctive designs 
in compression molded 


plastics. 


WRITE TODAY! 
New Free Catalog 


nd custom 


HARRY DAVIES MOLDING COMPANY Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 


Circle 412 on page 17 


15 GUS ate) 
TOROIDAL 


Reader ll 
Inquiry 
Service 


e If whatever appears anywhere in this is- 
sue, either in the editorial or advertising 
ages, stimulates a desire for additional in- 
ormation, it is only necessary for readers to 








FOR IMPREGNATING 

coils, wire coverings, paper forms, 
porous ceramics, etc. 

FOR SEALING 

condensers, batteries, exposed ter- 
minals, etc. 

FOR DIPPING 

electrical component assemblies in- 
cluding corona loss barrier mate 





rials. 
record their interests on any one of the post- FOR POTTING 
; . : - transformers and electrical com- 
cards on page 17 in this issue, In the 60 M PO U N DS ponent assemblies with varying 
° ° degrees of heat conductivity. 
manner suggested. The publisher will func- 
tion for ae anual contacting the en FOR ENCAPSULATING 
2 y g . to your specifications. Data _ coils, electrical component assem- 
sources for the data requested, or forwarding and samples furnished upon blies requiring higher thermal and 
reprints request. moisture resistance, 


BIWAX CORPORATION 
3443 HOWARD ST. SKOKIE, ILLINOIS | 
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SAVED: Thousands bie 


“Developing and Producing OurOwn 
Molded Plastic Components on our 


MINI-JECTOR 22st 


f : 
(above) Cord-ends, plugs, etc. (below) Miniature slip rings and 
brush assemblies—"“insert” molded by MINI-JECTOR. 


~ 
2 


<x? 
& ‘ 


Here = how MINI-JECTOR solves plastic injection mold- 
ing around metal inserts for major producers . .. at a 
fraction of former costs! 


™ “Saving thousands in tooling,” say 


MINI-JECTOR Manufacturers 
of electrical and electronic equipment 
avoid “big press” high-per-piece tooling 
expense where not required. (MINI- 
JECTOR mold blanks as low as 
$29.50.) Develop and produce more 
perfect parts before “big 
tooling gets off the “board.” 
Save untold skilled manhours. Even 
short runs are profitable with MINI 
JEC TOR’S simple, low “COST molds 
Change colors often—no lost time. 
Molds all thermoplastics including 
Nylon; from precision miniatures — to 


users 


variety of 


press” 


full, single-cavity size items (+ oz. to 
1 oz) 


FREE Catalog: Com 
ete detailed, fully 
llustrated. Shows en 
tire MINI JECTOR 
ne Learn how 


MINI-JECTOR cuts 


big cost from 


Cite 


Model 50 “Wasp” variety” small iteni i 


ne. Write today! 


NEWBURY INDUSTRIES. Inc. 


388 Circle 415 on page 17 


Box 183, Newbury, Ohio 


THERMOCOUPLES 

Assembly Products, Inc Chesterland 14, 
Ohio 

Baker & Co., Inc., 
N ‘. 

Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Kuckbestos Products Corp.. New Haven 4 
Conn 

Westinghuuse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp. A sub 
vf Daystrom. Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colma: 
Co., 1403 Rock, Rockford, IL 


113 Astor, Newark 5 


THERMOMETERS 


Assembly Products, Inc., 
Ohio 

Bristol Co.. Waterbury 20, Conn. 

McGraw-Edison Co., Instrument Diy 
Dept. West Orange, N. J 

Weston Electrical Instrument Corp., A suv 
of Daystrom, Inc., 614 Frelinghuyse: 
Ave.. Newark 5, N. J. 

Wheelco Instruments Div.. Barper-Colma: 
Co., 1403 Rock, Kockfora. Lil 


Chesterland 14 


THERMOPLASTIC WIRE. See Wire anu 
Cable, Insulated 


THERMOSTATIC BIMETALS 


Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

Brainin Co., C. S.. 318 Washington, Mi 
Vernon, N. Y¥ 

Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn 

Chace Co., W. M 
troit 9, Mich 

General Plate Div.. Metals and Controle 
Corp 1909 Forest, Attleboro, Mass 

Wilson Co., H. A., Route 22, Union, N. J 


1608 Beard Ave., De 


THERMOSTATS 


Acro Manufacturing Co., 
Ohio 

Barber-Colman Co Dept. 1 1803 Rock 
Kockford, Lil 

Bristol Co.. Waterbury 20, Conn 

Curtiss-Wright Corp., Carlstadt, N. J 

Edison Industries, Thomas A., Instru 
ment Div McGraw-Edison Co Rose 
land, N, J 

Fenwal, Inc., 19 Pleasant, Ashland, Mas 

G-V Controls. Inc.. 8 Hollywood Plaza 
East Orange. N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn 

Mechanical Industries Production Co.. 21 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave.. Chi 
ago 41, Ill 

Kobertshaw-Fulton Controls Co., Acro Div 
Columbus 16, Ohio 

Spencer Thermostat Div Metals & Con 
rl Corp 669 Forest Attlebor 
Mass. 

Stevens Mfg. Co., Inc., 
Mansfield, Ohio 

Still-Man Manufacturing Corp., 429-33 E 
164th, New York 56. N. Y 

Torq Engineered Products, Ir 4 UW 
Monroe, Bedford, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, II! 

Wiegand Co., Edwin L.. 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


Columbus 16 


Lexington and 


TIMERS, MOTOR 


AEMCO. Inc., 50 State, Mankato. Minr 

Allen-Bradley Co., 1316 8. Second. Mil- 
waukee 4, Wis 

Automtic Timing & Controls I Sub. 

Safety Industries In King of 

Pru a Pa 

Bristol Co., Waterbury 20, Conn 

Bristol Motor Div.. Vocaline Co of Amer 
ica, Inc., 108 Coulter, Old Saybrook 
Conn. 

Cramer Controls Corp., Box 8. 

brook, Conn 

ontrols ¢ of America ) Soret 
Ave Schiller Park Ii} 

Dimco-Gray Co., 210 E. 6th, Dayton 2, 
Ohio 

Eagle Signal Corp., 202 20th, Moline 
Tl 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn. 

Haydon Mfg. Co., 2527 Elm, Tor- 
rington, Conn 

Industrial Timer Corp., 
Highway, Newark 4. N ‘ 

Lux Clock Manufacturing Co., Inc 
bury 20, Conn 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carlson, A Div. of General Dy- 
namics Corp., 117 Carlson Rd., Rochester 
oe 

Ward Leonard Electric Co., 34 South. 
Mount Vernon. N. Y¥ 

Westinghouse Electric Corp. Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Zenith Electrie Co., 
ago 10, Til 


Center- 


1411 McCarter 
J 


Water- 


152 W. Walton. Chi 


TIMERS, SPRING ACTUATED 


kig National Watch Co., Micronics Div., 
Elgin, Til 


TIME SWITCHES. See Switches. 


TOOLS. PORTABLE 


Barber-Colman Co., Dept, U, 1803 Rock 
Kockford, Ill. (Hardness Testing) 

Gardner-Denver Co., Quincy Ill (Penu 
metic) 

we 6 Son, Inc., Joseph T., Chicago 
0 

Scruggs Co., Leyd, 1022-32 N. Sixth. 
St. Louis 1, Mo. 

Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div.. United 
States Steel Corp.. 208 S. La Salle 

Chicago 4, Il 


TRACING CLOTH, FILM and PAPER 


Keuffel & Esser Co., Hoboken. N. J 
Ozalid. A Div. of General Aniline & Film 
Corp., Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 


& Controls, Inc Sub of 


Automatic Timin 
Safety Ind ies Inc., King 
Prussia + a 

Electro Products Laboratories. Inc., 450) 
N. Ravenswood Ave., Chicago 40, Ill 

Servomechanisms, Ine., Mechatrol Div 17 
Brooklyn Ave., Westbury, L. I.. N. Y 


TRANSFER SWITCHES. See Switches 


TRANSFORMER HOUSINGS. See Cabt 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 


Audio Development Co., 2836 13th Avy 
South, Minneapolis 7, Minn. 

Caledonia Electronics & Transformer Corp 
Dept EM-7, Caledonia, N. Y. 
Chicago Standard Transformer Corp., 350¢ 
Addison, Chicago 18, Ill. 
Comar Electric Co., 3349 W 
Chicago 18, Il. 

Dano Electric Co.. 93 Main 
Conn 

Electran Mfg. Co., 1901 Clybourn Ave 
Chicago 14. IL 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Transformer Corp., 18240 Harwood 
Ave., Homewood, IIL 

Nothelfer Winding Laboratories. P. O 
Box 455, Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. J 

4633 W. 16th, Chicago 


2240 E 


Addison 
Winsted 


Sola Electric Co., 
50, Ill 

Standard Electrical Products Co.. 
Third, Dayton 3. Ohio 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


TRANSFORMERS, BALLAST. See Fluo 
rescent Lamp Auxiliaries 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Allis-Chalmers, Milwaukee 1, Wis. 

Associated Research Inc 3794 Be 
mont, Chicago 18, Ill 

Chicago Standard ‘ranstormer Corp., 351 
Addison. Chicago 18. Ill 

Comar Electric Co., 3349 W. Addison. 
Chicago 18, Ill 

Dano Electric Co.. 93 Main, Winsted 
Sonn. 

Electran Mfg. Co., 1901 Clybourn Ave 
Chicago 14, Il 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Dir 
Schenectady 5. } y 

General Transformer Corp.. 18240 Harwood 
Ave.. Homewood, Ill 

— Electric Co., 4633 W. 16th, Chicago 
50, IL 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp.. & sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 


Allis-Chalmers, Milwaukee 1, Wis 

Chicago Standard Transformer Cory 350 
Addison. Chicago 18. Ill 

Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill. 

Control, Box 391, Butler, Pa. 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Dano Electric Co., 93 Main, Winsted 
Conn. 

Dormeyer Industries, 3414 Milwaukee Ave 
Chicago, TIL 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Ill 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N 

General Transformer Corp.. 18240 Harwood 
Ave. Homewood, Ill 

Hevi Duty Electric Co Milwaukee 1 
Ww 


is 

Nothelfer Winding Laboratories, P.O. Box 
455, Dept. lvl, Trenton 38, N 

RCA Electron Tube Div., Radio Corp 
of America. Harrison. N. J 

Sola — Co.. 4633 W. 16th. Chicago 
50. Tl 

Standard Elecirical Products Co., 2240 E 
Third. Dayton 3, Ohio 

Ther Electric & Machine Works. 114 
S. Jefferson. Chicago 6. Ill 

United Transformer Co, 150 Varick. New 
York 13. N. Y. 

Wagner Electric Corp 6454 Plymouth 
Ave., St. Louis 14. Mo 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 
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CUTOUTS 


THE MULTI-UNION 
LINE IS THE ACCEPTED 
STANDARD OF 
INDUSTRY 


INDUSTRY DEPENDS 
ON MULTI FOR 
“ON TIME" 
DELIVERY 


WRITE FOR 


Tansan en sees 


Cea eel aD CHICAGO 24 
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DYKEM 
STEEL BLUE’ . 


Se mamnenedo 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 

soft-hair brush for ap- 


metal surface ready for 
layout in a few minutes 
The dark blue background 


show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 

accuracy. 


Write for sample 


on rat z “ease on company letterhead 
T THE DYKEM COMPANY = 
WN 2308 North llth St. + St. Lovis 6, Mo. = 
aaaaoaanaaEeamqESaoananamaauamoaoaoaaeaeaeaeaeaeae—e—e—e—e—e—e—e—e—e—————— 
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. Electrical Coil Windings 


For 40 years... 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
Providence 5, Rhode Island 


specializing in all types of 


63 Pavilion Avenue 
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CLIMAX QD* 


FLEXIBLE COUPLINGS 


Banish Shaft 
Misalignment Grief 


Exclusive knob-disc coupling design 
requires no lubrication...unaffected by 
abrasives or dust. Split-taper bushing 
gives quick disconnect convenience 
with tight shaft fit. 


REQUEST QD-71 BULLETIN FOR DETAIL! 


* Split a “Quick Disconnect” Bushing 


METAL PRODUCTS CO. 


863 EAST 140th ST., CLEVELAND 10, OHIO 


Circle 419 on page 17 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 


all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 


commercial construction. 


And, we’ve got one asset 
you'll find especially helpful: 
WE TRY HARDER! 


Write for Bulletin 53D 


ELECTRAN MFG. CO. 


1901 CLYBOURN AVENUE CHICAGO 14, ILLINOIS 
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WELDED SHEET 
STEEL CONSTRUCTION 






OIL-TIGHT 
PUSH BUTTON 


ENCLOSURES 


Immediately available in ten stand- 
ard sizes to accommodate from one 
to twenty-five push buttons. 


@ Patented push button openings will fit 
all standard makes of oil-tight units. 


@ Conduit connections may be made at 
any location you specify. 


@ Absolutely oil tight, water tight, dust 
proof. No knockouts or holes in this 
heavy 14 gouge sheet steel box. All 
seams welded. Mounting feet are ex- 


First of its 
ternally attached. 


kind on the market! 
@ Neoprene spon asket provid osi- 

sive eqete — — @ Pendant type, flush cover 

type and other special en- 
@ Unique sliding hinge will hold cover in closures also fabricated. 
open position if desired. Cover screws 
are captivated, They thread into closed- 
end steel “‘Rivnuts” located 


in box flange. Cannot leak. @ REASONABLY PRICED! 


@ Painted attractive gray ham- 
mertone enamel. 








ENGINEERING 
eee 
ANOKA, MINNESOTA 








Circle 421 on page 17 


GUT 
PAA 


see how felt fits in 
with your products! 


Let us show you how to save money and in- 
crease efficiency with the proper use of felt. 
FRE Samples and Applica- 

tions of Industrial Felt. 


*made to S.A.E. and Federal Govt. Specifications 


CONTINENTAL FE BST COMPANY. inc 
15th STREET | “SS NEW YORK 11,N.Y 


* 


22 WEST 
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TRANSFORMERS, VARIABLE 
VOLTAGE 


Comar Electric (Co.. 
Chicago 18, II. 
Electran Mfg. Co., 
Chicago 14, IIL 
Hevi Duty Electric Co., Milwaukee 1, Wis 
KCA Electron Tube Div., Radio Corp. of 

America, Harrison, N. J, 
Standard Electrical Products Co., 2240 E. 
803 Middle, Bristol. 


3349 W. Addison 


1901 Clybourn Ave.. 


_ Third, Dayton 3, Ohio 
Superior Electric Co., 
Conn, 


TRANSMISSIONS and PULLEYS 
VARIABLE SPEED 


Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill. 


4802 W. 


TRANSISTORS and CRYSTAL DIODES 

Clevite Transistor Products, 241 Crescent 
Waltham 54, Mass 

Federal Telephone and Radie Co., Div. of 
Internationa) Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Electronies Div., 
Electronics Park, Syracuse 1, N. Y. 
(Germanium & Silicon Transistors) 


Hoffman Semiconductor Div. of Hoffman 
Electronic Corp., 930 Pitner Ave., 
Evanston, Ill. 

International Rectifier Corp.. 1521 E 
Grand Ave., El Segundo, Calif. 

International Resistance Co., 401 N. Broad. 
Philadelphia 8, Pa. 

Hughes Products, Semiconductors, Div. of 
Hughes Aircraft Co., International Air- 
port Sta., Los Angeles 45. Calif 

RCA Semiconductor Div., Radio Corp. of 

America. Harrison, N. J. 


Sprague Electric Co.. 307 Marshall, North 
Adams, Mass 
Sylvania Electric Products, Inc., 1740 


Broadway, New York 19, N. Y. 
Texas Instruments Incorporated, 6000 Lem- 


mon Ave., Dallas 9. Texas 

Transitron Electronic Corp., Wakefield, 
Mass 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


Pittsburgh 22, Pa 


TUBE PARTS (Electronic). 
trenic Tube Components 


See Elec- 


TUBES, CATHODE RAY 


Du Mont Laboratories. Inc.. Allen B., 760 
Bloomfield Ave.. Clifton, N. J. 

General Electric Co.. Tube Dept., 
tady 5. N. Y 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 


Schenec- 


TUBES. ELECTRON (industrial) 
Amperite Co., Inc., 561 Broadway, 


York 12. N. ¥ 
Du Mont Laboratories, Inc., Allen B.. 760 
Clifton, N. J. 


Bloomfield Ave., 

Bitel-McCullough, Inc., San Bruno, Calif 

i Inc., 127 Sussex Ave., Newark 
3. N. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Tube Dept., Schenec- 
tady 5. N. ¥ 

Hughes Products, Electron Tube, Div. of 


New 


Hughes Aircraft Co.. International Air- 
port Sta.. Los Angeles 45. Calif 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N 

Sylvania Electric eae Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp. Gateway 
Center. Bldg. No. 3, 401 Liberty Ave.. 


Pittsburgh 30, Pa. 


TUBES, 
Glass, 


METALLIZED’ GLASS. 
Technical. 


See 


TUBES, PHOTOELECTRIC. 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20. Conn 
Kanthal Corp.. 3 Amelia Place. Stamford, 
Conn. 


TUBING, ALUMINUM. 


TUBING. BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper. 


See Photo- 


See Aluminum. 


TUBING, FIBRE. Sree Fibre 


TUBING. LAMINATED METAL. 


See 
Laminated Metals. 


Precious and Base 


TUBING, MICA. See Mica. 


TUBING NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Co 
Ave.. Cleveland ? Ohio 

Continental-Diamoud Fibre. A Sub 
Budd Co., Newark 13, Del. 

Paramount Paper Tube Corp., 


6201 Barberton 
of The 


612 Lafay- 


ette. Ft. Wayne 2. Ind. 
Precision Paper Tube Co., 2035 W 
Charleston, Chicago 47, Ill 


supine. SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING. BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 

Bentley Harris Mfg. Co., 1209 Barclay, 
Conshohocken. Pa. Y 

Borden Co., Resinite Dept., Santa Barbara, 
Calif 

Brand & Co., Inc., William, Willimantic, 
Conn 


Continental-Diamond Fibre, A Sub. of The 
Budd Co.. Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd Chicago ¢ li 


Irvington Div., Minnesota Mining & Manu 


facturing Co., 9 Argyle Terrace, Irving 
ton, 11, N. J 

LO.F. Glass Fibers Co. 1801 Madiso 
Ave., Toledo 1, Ohio 

Natvar Corp.. 207 Randolph Ave., Wood 
bridge, N. J 

Owens Corning Fiberglas Corp., 598 Madi 
son Ave.. New York 22, N. ¥ 

Vartlex Corp., 504 W, Court, Rome, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Westline Products, Div. of Western Litho 
graph Co., 600 Bb, 2nd los Angele 


o4, Calif 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 

Borden Co., Resinite Dept., 
Calif. 

Brand & Co., 
Conn. 

General Electric (o., 


Santa Barbara 
Inc., William, Willimantic 

Plasties Dept.. 
Decatur, Ill. 


Insulation Manufacturers Corp., 565 W 
Washington Blvd.. Chicago 6, Ill 

Irvington Div., Minnesota Mining & Manu 
facturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J. 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J. 

Phalo Plastics Corp., Commercial & Foster. 
Worcester 8, Mass. 

Rogan Brothers, 8027 N. 
Skokie, Ill. 

United States Gasket Co., 
ga Garlock Packing 


Varflex Corp., 504 W. Court. Rome, N. Y¥ 


Monticello Ave., 


Plastics Div. of 
Co., Camden 1 


Westline Products, Div. of Western Litho 
graph Co., 600 E, 2nd., Los Angeles 
54, Calif. 


TUBING STEEL. See Steel, Commercial 


Forms and Grades. 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp., North Chi 
cago, > 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind 

UNDERCUTTERS, MICA. See Mica 
Undercutters 

UNIVERSAL JOINTS 

Lovejoy Flexible Coupling Co., 4802 W 
Lake, Chicago 44, IIL 

VACUUM TUBES. See Tubes, Cathode 
Ray; Tubes, Electron. 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co.. 138 E. Golden 
Gate Ave., Detroit 3, Mich. 


VALVES. MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 
Florham Park, N. J. 


50-M Hanover Rd.. 


Automatic Timing & Controls, Inc., Sub 
of Safety Industries, Inc., King of 
Prussia 6, Pa 

Barber-Colman Co., Dept. Il 1803 Rock 
Rockford Iil 

Bristol Co., Waterbury 2. Conn. 

Controls Co of America, 9551 Sorenz 
Ave Schiller Park, IIL 


Genera! Electric Co., App**atus Sales Div.. 
Schenectady 5, N. Y. 


McQuay-Norris Manufacturing Co.. 2322 
Marconi, St. Louis 10, Mo. . 
Mercoid Corp., 4201 Belmont Ave., Chi- 


cago 41, Ill 

Ross Operating Valve Co., 133 E. Golden 
Gate Ave., Detroit 3, Mich 

Skinner Electric Valve Div., New Britain, 
Conn. 

Westinghouse Electric Corp.. Gateway Cen 
ter, Bldg. No. 38, 401 Liberty Ave., 
Pittsburgh 30, Pa 


VARNISHED FABRICS. See Faorics 


Insulating 

VARNISHES, COMPOUNDS and 
RESINS, INSULATING 

Acme Wire Co.. 1255 Dixwell Ave., New 
Haven 14. Conn 

Borden Co., Resinite Dept., Santa Barbara 
Calif 

Borthig Co., In George ( 242 Patersor 
Ave, East Rutherford, N. J 

Brand & Co., Inc., William, Willimantic 
Conn. 

Ciba Co., Inc., 627 Greenwich, New York 
14, N. ¥ 

Dow Corning Corp., Midland, Mich 
(Silicone) 

du Pont de Nemours & Co., (Inc.). E. L.. 
Plastic Div., Polychemicals Dept 
Wilmington 98. Del. 

Durez Plastics Div Hooker Electro- 
chemical Co., 1309 Walck Road, North 
Tonawanda, N. Y. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 


Insulation Manufacturers Ceorp., 565 W 
Washington Blvd. Chicago 6. Ill. 

Irvington Div., Minnesota Mining & Manu- 
facturing Co., 9 Argyle Terrace. Irving- 
ton 11, N. J. 


London Chemical Co., Inc., 1537 N. 31st 
Ave., Melrose Park, Ill. 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tady 1, N. Y. 

Minnesota Mining & Mfg. Co.. Electrical 
Products Div.. 900 Fauquier Ave.. St 


Paul 6. Minn 
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norms To crow ABOUT 
s° 






TWO RELAYS 
c ABOUT TO HATCH! 


om 


a NEW 
Crystal Case 
Relay 


a NEW 
w Sensitive Relay with 
High Vibration Resistance 


pi ele SIGNALS 


Approved by Canadian 
TTT tt a al 


C277 AY LONG BRANCH, LONG BRANCH, N.u. ve 
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s e 
sing New-Type Taylor Wiring Ducts 
FOLDING DOUBLE CUPPED WASHER WES” So easy to use—you just lay your wires in the duct, put them through 
| Cum Solderless on holes to terminals, then snap on the cover—FAST and EASY. No 
| wasting time with cover screws, hinges or mounting brackets. 
And you get many advantages through this new, better way to 


+= Easy to Apply wire electric and electronic control panels. Speeds up production; 
No Special Tool Needed eliminates costly time-consuming lacing, flat wiring or bundling. A 


One-Piece ‘Construction o O cinch to maintain! 





Taylor Wiring Ducts are non-combustible, warp-resistant, acid- 
— aH eee resistant, light in weight yet durable and rigid. You can cut them 
ve with a saw, tinsnips—even a jackknife! 





ee ee ee ee 


$0 ae —— To 


1043 EVANS STREET, CINCINNATI 4, OHIO 


Circle 424 on page 17 


Reader Inquiry Service 


Postcard return cards are provided on page 17 as a con- 


venience to the reader in obtaining 


New Components and Materials 
Additional data from the supplier of any item reviewed. A Oe ee ee SIZES 


Literature for the Asking Round-Hole Type—from 34” up to 4” Wx 3” H 
Slotted Type—from 1” x 1” up to 4” W x 3” H 





A copy of any manufacturer's publication reviewed. 


Feature Article Reprints 
Single copies of selected feature articles. Write for sample, literature, and prices 


Advertised Products TAYLOR ELECTRIC, INC. 


More information on any product or service described. 15406 Dale Ave., Detroit 23, Mich. 
KEnwood 5-2500 
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Atlanta — Brownell Distributers, Inc. 


Boston Area—Insulating Fabricators of 
New England, Inc., Watertewn, Mass. 





Meets all Class B requirements 
Dielectric strength — 600 volts per mil 
Tensile strength — 25,000 Ibs./sq. in. 
Thicknesses from .010 to .025” 

An asbestos-glass laminate 

No delamination or fraying 

High impact strength and arc resistance 
Will take any electrical varnish 


REPRESENTATIVES 


Mobile—Russell Electric Co. 


Chicago—Federal Insulation Co. 





ELECTRICAL 
INSULATING MATERIAL 


New York—Brownell Distributors, Inc. 


Newark—Electric Motors & Parts Corp 


Oklahoma City—John H. Cole Co 


Cleveland—C. J. Voneman Associates 


Dallas—Electrical Supply Corp. 
Dallas—Summer Electric Co. 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 


Fort Worth—Electrical Supply Corp. 


Hamilton, Onterio—Buntin, Gillies & 


Houston—Houston Industrial Supply Co. 


Pittsburgh—Herbert J. Graham 


Fabricators, Inc. 


St. Lovis—Dale Painter 
Co., Ltd. Stamford, Conn.—J. A. Jones 


Toronto—Electric Insulation & 


Kansas City, Mo.—Ace Electric Co. 


Los Angeles—Tri-Stote Supply Corp. 
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88 Purchase St. * Fall River, Maes. 
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Philadelphio—Electrical Maintenance 
Equipment Co. 


Salt Lake City—J. R. Christiansen Agency 
San Francisco—Tri-State Supply Corp. 
Seattle—Tri-State Supply Corp. 


Fibre 
Co., Lid. 


Woodbridge, N.J., Chalker Insulation Co. 


Write for literature and free sample 


LETG A PAPER COMPANY, 






INC. 


Oronite Chemica! Co 200 
Francisco 4, Calif 

Sherwin-Williams Co., General Industrial 
Div.. Cleveland 1, Ohio 

Union Carbide Corp., Sillicones Div., 420 
Lexington Ave., New York 17, N. Y. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Zophar Mills, Inc., 112-130 26th, Brooklyn 
32. N. Y. 


Bush, San 


VARNISHES, FINISHING. See Lacquers. 


poe. Paints and Varnishes, Finish 
ng. 


VARNISHES, 


INSULATING. See Var 
nishes 


Compounds and Resins. 


V-BELTS. See Drives. Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


VIBRATORS 


Aerovox Corp.. New Bedford. Mass 
American Television & Radio Co. St 
Paul 1, Minn 

Bristol Co., Waterbury 20. Conn 

Ma! my Co., Inc., P. R.. Indianapolis 
6 n 

Oak Mfg. Co 


1258 Clybourn Ave.. Chi 
cago 10, Il 


WAXES and COMPOUNDS 


Biwax Corp., 3443 Howard. Skokie. II! 

Dow Corning Corp., Midland Mich 

General Electric Co., Laminated Products 
Dept. Coshocton, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 
tedy 1, N. Y. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6. Minn 

Zophar Mills, Inc.. 112-130 26th, Brooklyn 
$2, N. Y. 


WEDGES and PEGS. ARMATURE 


insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Til. 
Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co.. Schenec- 

tady 1, N. Y. 
National Vulcanized Fibre Co., Wilming- 
ton 99. Del. 


WELDING EQUIPMENT 


General Electric Co., pre Sales 
Div., Schenectady 5, N. Y. (Arc) 

Precision Welder and Flexopress Corp., 
4520 Ibsen Ave.. Cincinnati 9. Ohio 

Revere Copper_and Brass Inc., 230 Park 
Ave.. New York 17, N. Y. 

Sciaky rothers, Inc., 4915 W 67th 
Chicag 3, Til 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 80. Pa. 


WELD NUTS. See Fasteners 






WHEELS BLOWER 


Torrington Manufacturing Co., Torrington 
Conn 

WINDING MACHINES. See Coil Wind 
ing Machines 


WIRE AND CABLE. BARE 


American Brass Co., Waterbury 20. Conn 
American Steel & Wire Div.. U. S. Steel 
Corp.. Rockefeller Bidg., Cleveland 1 

Ohio 


Anaconda Wire and Cable Co., 25 Broad 
way, New York 4, N. Y,. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
Cornish Wire Co., In 50 Church, New 

York 7, N. ¥ 
Essex Wire Co., Wire and Cable D 


Fort Wayne, Ind. 





General Cable Co., 420 Lexington Ave 
New York 17, N. Y 

General Electric C Construction Mate 
rials Div Bridgeport 2, Conr 


Page Steel & Wire Di American Chair 
& Cable Co., P.O. Box 692 Mone 
Pa. (Stainless or Carbon Stee 
Banding) 

Phelps-Dodge Copper Products Corp.. F 
Wayne, Ind. 

Riverside-Alloy Metal Div.. H. K. Porter 


Armature 


Co.. Inc., Riverside, N. J. 

Roebling’s Sons Corp.. John A., Sub. of 
Colorado Fuel & Iron Corp Trenton 
2,N. J 


Rome Cable Corp.. Rome, N. Y¥ 


Ryerson & Son, Inc.. Jos hic 
—e, oseph T. Chicago 


Sylvania Electric Products. Inc 1740 
Broadway, New York 19. N. Y¥ 


WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber mR) 
Varnished Fabric (Cc) 
Thermoplastic (T) 
Coaxial Cable (X) 


American Steel & Wire Div., U. S. Steel 
oa Rockefeller Bldg., Cleveland 15 
Ohio 

Amphenol Electronic Corp., 1830 S. 54th 
Ave., Chicago 54, Ill. (X) 


y , 25 Broad- 
Anaconda Wirs and Coble So. iD pate 
Belden Mfg, Co Van Bureo 


Shic 4, 1 (ABTX) 
Brand & Oo., Inc., William, Willimantt 
Conn. (TX) 


Chase Brass & Copper Co., Sub. of Kea 
necott Copper Corp., Waterbury 20, ¢ onn 

Continental Wire Corp., Wallingford, 
‘ . (ATX) 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. (BT) 

Jastern Insulated Wire Corp 
ford, Conn. (ABCT) 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind. (BT) . 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
TX) 

General Cable Corp 
New York 17, N. ¥ : 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2. Conn (ABCX) 

Hitemp Wires, Inc., 1200 Shames Dr., 
Westbury, N. Y, (T) 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, Mass. (TX) — 

Phelps-Dodge Copper Products Corp.. Fort 
Wayne, Ind. (ABCTX) 

Plastoid Corp., 42-61 24th. Long Island 
City 1, N. Y. 

Rockbestos Products Corp., New Haven 4. 
Conn. (AT) 

Roebling’s Sons Corp., John 4, Sub of 
Colorado Fuel & Iron Corp., Trenton 
2. N : 

Rome Cable Corp.. Rome N. Y. (BTX) 

Royal Electric Corp., Pawtucket, R. I 
(ABT) 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


Walling 


420 Lexington Ave.. 


WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire 
WIRE FORMS. See Springs. Coll and 
Flat; Stampings, Metal 

WIRE. MAGNET 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. . 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4. N Y. “ 
Belden Mfg oe 4633 W. Van Buren. 
Chicago 44, TL E 
Chase Brass & Copper Co., Sub. of Ken. 
necott Copper Corp., Waterbury 20, Conr 
Electric Auto-Lite Co., Wire and Cable 
Div., Port Huren, Mich. . 

Essex Wire Cos... nae Wire Div.. 
Fort Wayne 6. Ind. 

General Cable Corp., 420 Lexington Ave.. 
New York 17, N. Y. 

General Electric Co., Construction Ma- 
terials Div.. Bridgeport 2, Conn 

Hitemp Wires, Inc 1200 Shames Dr., 
Westbury, N. Y. (T) 

Phelps-Dodge Copper Products Corp.. Inca 
Manufacturing Div.. Fort Wayne Ind 

Rockbestos Products Corp., New Haven 4 
Conn. 

Roebling’s Sons Corp., John A.. Sub of 
Colorado Fuel & Iron Corp., Trenton 2. 

nN... 2 . 

Rome Cable Corp., Rome, N. Y¥ See 

Sprague Electric Co., 307 Marshall, Nor 
Adams, Mass. 

Tensolite Specialties, Inc., 
Tarrytown, N ° 


198 Main, 


WIRE MAGNETIC RECORDING. See 
Magneti Recorder Components 

WIRE MARKING MACHINES See 
Markir Machines and Devices 


WIRE, RESISTANCE 


Bristol Co., Waterbury 20, Conn ok 

Driver Co., Wilbur B 1875 McCarter 
Highway, Newark 4, N. J ‘ 

Driver-Harris Co., Harrison. N J 

Kanthal Corp., 3 Amelia Place, Stamford 
Conn. te 

Ney Co., J. M., P. O. Box 990 Hartford 1 
Conn a 

Riverside-Allov Metal Div., H. K 
Co., Inc., Riverside, N. J 


Porter 


WIRE STRIPPERS. See Strippers. Wir 


WIRE TIES 


H. F. Hanscom & Co., Inc 6 Virginia 
Ave., Providence 5, R. I 


WIRING DUCTS. See Ducts, Wiring 


WIRING HARNESSES. See Harne 
und Assemblies, Wire 


WORK FEEDERS 


Mead Specialties Co.. 4114 N. Knox Ave 
Dept. E-47, Chicago 41, II! 


WORMS and WORM WHEELS. See 
Gears and Pinions 


WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 


YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating. 


ZINC 


New Jersey Zinc Co., 160 Front, New 
York, N. . 


READER INQUIRY SERVICE 


POSTCARDS NOW APPEAR ON PAGE 17 
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Multiple Reprints 
at Quantity Prices 


e For each of the four design compendiums now 
available (see reviews on page 270) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a significant cost 
element in the distribution of these Multiple Re- 
prints, grouping of orders makes substantial sav- 
ings in cost per copy. To further reduce cost, ac- 
counting and invoicing operations involved in 
open-account billing are eliminated by requesting 
remittance with order. 


Prices per copy given in the table below are for 
single shipments in the quantities shown on orders 
accompanied by remittance. 


Quantity per shipment 
Title 1 5 25 


Electrical Insulation and 


Dielectrics 3.00 2.75 2.50 
Servo Series 150 =61.35 1.25 
Practical Circuits for 

Grid Control of 

Thyratrons 2.00 175 1.50 
Human Engineering 2.50 2.25 2.00 
Casting Resins and 

Application Techniques 2.00 1.75 1.50 


Send orders with remittance (including 3 per 
cent sales tax for New York City deliveries) to 


Reader Service Department 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Prices given above include shipping charges. 
Be sure to enclose address to which shipment is 
to go; make checks payable to The Gage Publish- 
ing Company. Orders at these prices can be filled 
only when payment accompanies the order. 
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Zophar Waxes, resins and compounds 
| (© impregnate, dip, seal, embed, or pot 
| electronic and electrical equipment or 
| components of all types, radio, tele 
: vision, etc. 
| Cold flows from 100°F. to 285°F. plain 
| or fungicidal. 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
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Special waxes non-cracking at —76 F 


Let us help you with your engineering 
problems. 






For Immediate service contact: 
L. E. Mayer, Sales Manager 
A. Saunders, Technical Director 
H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 


Fully Automatic — Air Powered — SPEEDCRAFT 
CABLE STRIPPER 


Can be built to strip any size or length 
Backed by 30 years experience 


Does the 
Job Right— 
AT LESS 
COST... 
Precision built to last a litetrme. An abundance of power at tremendous 
speed with no damage to copper strands — easy to operate — always in 


service. No repair parts except knives ever sold. Send 3 foot sample end 
stripping specifications for full deta. 


WIRE STRIPPER CO. 
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1729 EASTHAM AVE., 
E. CLEVELAND, OHIO 





for complete 
selection of Basic 
Requirements for your Coil 
Winding needs it’s... 


Coit Winding Equipment Cs.}, 


Write for complete 
technical literature 


IPMENT CO. 


Sa, 


UG ADS tat 


OYSTER BAY YORK 
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COMMUTATORS 


Functional 


Accurate 
Manufacture 





NIPPERT COMMUTATORS 


incor- 
porate many new ideas and 
materials to ensure high preci- 
sion, outstanding performance 


and lowest cost, consistent with 
top quality 


FUNCTIONAL DesiGN for the 
specific application, based upon 
speed, temperature and life re- 
quirements. 


ACCURATE MANUFACTURE and 
inspection make the design 
expectations a reality. 


NIPPERT can supply any volume 
of commutators for your applica- 
tion in sizes from se 


” 


‘16 to 4 


etd dt a 


Electric Products Co. 
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COMPLETE 
YOUR 

REFERENCE 
FILES ON 


Editorial Reprints. . . 





New Materials Information .. . 


Advertiser's Engineering Data 





New Literature Available. . . 
See Page 17 


Over 50,000 individual reprint 
requests for feature articles dur- 
ing the first six months of this 
year were supplied to readers, 
free of charge. This service was 
initiated to enable you to main- 
tain your own subject files on 
engineering problems via fea- 
ture articles, new literature, new 
materials and parts and adver- 
tisers engineering data that 
were a part of each issue. 


“In This 
on page 6 and 7, is a 
brief description of each article 
in handy “file form,” allowing 
you to review each article to 
determine your degree of in- 
terest, and also build your ref- 
erence file. 


The most recent step, 
Issue, 


Another new step was the place- 
ment of the Reader Inquiry 
Service on page 17 instead of 
next to the back cover so that 
it would be more accessible to 
you. Keys to all editorial and 
advertiser's engineering data in 
this issue are shown. 

















These features now become a 
permanent part of the Reader 
Inquiry Service. We hope you 
like it and find greater use for it. 


READER INQUIRY SERVICE 
NOW ON 
PAGE 17 
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Master Units Combine into Engineered, Customized Package 
Drives— Providing the Right Shaft Speed, the Right Construction 
Features, the Right Mounting. Why Put Up With Makeshift Assemblies? 


Engineers and Manufacturers of 


Electric Motors , Alternating current motors, direct current motors, 
rators ... losed, explosion proof... 

Gearmotors 1g to 125 H.P. ati es SG E ail te é 
with 5 types of geav reducers... with electric 
Variable Speed Drives 1, to 30 H.P. brakes... with mechanical or electronic variable 
: , speed units... with fluid drives... Master has 

J 1 LP Se ey 
Unihrake Meters .......... o to 150 LP them all and so can be completely impartial in 

Fluid Drive Motors ........ 1% to 15 H.P. helping to select the one best drive for you. 


MASTER ELECTRIC MOTORS 


ELECTRIC COMPANY, Dayton 1, Ohio 
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UNDER THE CONTROL ROOM at the H. A. 
Wagner Station Unit #1 of the Baltimore Gas & 
Electric Company, showing Revere COPPER Tube 
at the right and left. Revere ALUMINUM tubes 
in CRESCENT ARMORED MULTITUBE are used 
for the long runs to this point because of the 
lower cost of aluminum tubing. 21 runs of 
ARMORED MULTITUBE comprising 140 alumi- 
num tubes enter this panel at top and bottom 
center. Note sharp bends that can be made with 
both Revere COPPER and ALUMINUM Tubing. 
MULTITUBE made by CRESCENT INSULATED 
WIRE& CABLECOMPANY, Trenton 5, New Jersey. 


-_ 


CRESCENT relies on REVERE 


for dependable performance of its instrumentation and control tubing 
REPORTS, “NOT ONE FAILURE.” 


The dependable performance of Revere Copper Tube in 
Crescent Armored Multitube*, ever since its inception, 
has led the CRESCENT INSULATED WIRE & CABLE 
COMPANY to fill its aluminum tube needs with Revere 
also. 

In fact, Crescent, since it first started using Revere 
Copper Tube in 1953, reports not a single failure. And 
that’s mighty important in instrumentation and control 
tubing service where utilities, chemical processing, pe- 
troleum, paper and similar industries can’t afford the 
luxury of process failures. 

Crescent Multitube, using either Revere Copper or 
Aluminum Tube, or both in combination, offers a com- 
pletely protected installation for permanence, lower orig- 
inal installation cost, lower maintenance and a saving of 
time, space and money. 

Crescent Armored Multitube consists of a group of 
Revere Copper or Aluminum Tubes, twisted together in 
cable form, protected by a flexible interlocked galvanized 
steel armor. Constructions are available employing plastic 
sheaths in combination with the armor for corrosive 


Circle 


locations. Section of cabled tube pictured shows how 
Copper or Aluminum Tubes are encased inside the 
Armored Multitube. As many as 37 tubes of %4’’ OD can 
be cabled in lengths up to 1,000 ft. 

For details on Multitube write Crescent and for uniform 
quality copper and aluminum tube, speedily delivered, 
see the nearest Revere Sales Office. *Reg. Trademark 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 


Mills: Rome, N. Y.; Baltimore, Md.; 
Chicago, Clinton and Joliet, IIL; 
Detroit, Mich.; Los Angeles and 
Riverside, Calif.; New Bedford, 
Mass.; Brooklyn, N. Y.; Newport, 
Ark.; Ft. Calhoun, Neb. Sales Offices 
in Principal Cities, Distributors 
Everywhere. 


103 on page 17 





